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ABsTRACT—A variety of well preserved conodonts is illustrated and described 
from a shale exposure along Sweetland Creek in southeastern Iowa. Most of the 14 


genera represented are not particularly diagnostic, but the general aspect of the 
fauna and particularly the abundant occurrence of Ancyrodella and Palmatolepis 


suggest that the containing beds are late Devonian in age. 





i THE Mississippi Valley shale beds com- 
monly occur adjacent to the Devonian- 
Mississippian boundary and their age has 
long been in question. Most of them have at 
one time or another been referred to both 
the Devonian and the Mississippian system. 

In 1899 Udden proposed the name Sweet- 
land Creek shale for one of these formations 
which is well exposed along Sweetland 
Creek, about 4 miles east of Muscatine, in 
southeastern Iowa. This formation is olive- 
gray in color, contains a few thin beds of ar- 
gillaceous dolomite, and varies in thickness 
up to about 50 feet. Stratigraphically it lies 
unconformably between the Devonian Ce- 
dar Valley limestone below and Lower Penn- 
sylvanian strata above. The outcrop is quite 
restricted and is terminated on the south by 
the Mississippi River, and on the north, east, 
and west by Pennsylvanian sandstone. 

When Udden originally defined this for- 
mation, he referred it to the Upper Devo- 
nian and listed the following fossils from the 
type section: 

Impressions of plants 

Lingula cf. L. melie Hall 
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Lingula cf. L. nuda Hall 

Lingula subspatulata M. and W.? 
Lingula sp. undet. 

Gastropod 

Spathiocaris emersoni Clarke 
Solenocaris strigata Meek? 

Ptyctodus calceolus M. and W. 
Rhynchodus cf. R. excavatus Newberry 
Syntheodus 


Ten years later, Weller (1909, pp. 273-274) 
reviewed the age of the Sweetland Creek 
shale, and apparently concluded that it 
should be regarded as early Mississippian, 
largely because Ptyctodus calceolus had been 
found at several localities in Missouri ‘‘at 
the base of the Kinderhook.’’ However, Cal- 
vin, in discussing Weller’s paper (see Weller, 
1909, p. 285), stated that although fossils are 
rather rare in the formation, ‘the fauna of 
the Sweetland Creek shales is characteris- 
tically Devonian.” Ulrich (1911, pl. 29) defi- 
nitely classed the Sweetland Creek as Mis- 
sissippian; Van Tuyl (1925, p. 70) concluded 
that it ‘‘may possibly be an outlier of the 
basal Kinderhook”; Savage (1925, p. 558) 
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stated that it is ‘considered by most geolo- 
gists to be of early Mississippian age’’; 
Moore (1935, pp. 239-240, 245) included it 
in the Kinderhook group and correlated it 
with the Grassy Creek and possibly the Sav- 
erton shales of Missouri; Cooper et al. (1942, 
chart 4 opp. p. 1788) placed it as ‘‘Devonian 
or Mississippian’; and Branson (1944, p. 
159) regarded it as ‘‘the same’’ as the 
Grassy Creek of Missouri, which he classi- 
fied as Upper Devonian. 

Although we have not been able to locate 
the fossils listed by Udden, it seems to us 
that they do not indicate conclusively 
whether the containing beds are Devonian 
or Mississippian. Furthermore, neither A. O. 
Thomas and F. M. Van Tuyl (1925, p. 70) 
nor the writers were able to find any signifi- 
cant macro fossils in the Sweetland Creek 
shale. The mid-portion of the formation at 
the type section, however, carries well pre- 
served conodonts in variety and abundance. 
All together, our collections from the Sweet- 
land Creek contain representatives of 14 
conodont genera. Some of these are not very 
significant, but the general aspect of the 
fauna and particularly the presence of nu- 
merous representatives of Ancyrodella and 
Palmatolepis are suggestive of the Devonian 
rather than the Mississippian—although the 
latter genus occurs in the Lower Mississip- 
pian, it is not abundant there. Branson 
and Mehl (1938, p. 158) stated that their 
species [criodus curvatus ‘‘has been found in 
abundance from the Sweetland Creek at the 
type locality and other exposures in Iowa,” 
but our collections do not contain any rep- 
resentatives of it or any congeneric forms. 
The genus Jcriodus is usually regarded as 
diagnostic of the Devonian, but it may pos- 
sibly range up into the Mississippian. The 
few fragmentary representatives of Palma- 
tolepis and Icriodus that have been found in 
the Lower Mississippian may, however, have 
been derived from Devonian strata. 

The conodont fauna under consideration 
appears to be somewhat more advanced 
than those described by the junior author 
in 1945 and 1947 from the Upper Devonian 
beds near Middle Amana and North Liberty 
Iowa. As noted by Branson and Mehl in 
1934, the conodonts of the Sweetland Creek 
are strikingly similar to those found in the 
Grassy Creek shale of northeastern and cen- 
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tral Missouri. A few faunal differences, to be 
sure, are readily apparent; for example, 
Polylophodonta occurs in the Grassy Creek 
but apparently not in the Sweetland Creek, 
and our new genus Ancyrotdes is not known 
to be represented in the Grassy Creek. Nev- 
ertheless, it seems quite probable that, as 
stated by Branson (1944, p. 159), these two 
formations are approximately contempo- 
raneous. 

Acknowledgment is due to Dr. H. G. Her- 
shey and Dr. S. E. Harris of the Iowa Geo- 
logical Survey for advice and field assistance 
in connection with this project. Transporta- 
tion to the collecting locality was provided 
by the Iowa Geological Survey. The photo- 
graphs which accompany this study were 
retouched by Mr. Howard E. Webster of 
Iowa City, and the Graduate College of The 
State University of lowa gave financial aid 
which made the completion of this report 
possible. 


SYSTEMATIC PALEONTOLOGY 
ANCYRODELLA LOBATA 
Branson and Mehl 
Plate 74, figures 10-12 
Ancyrodella lobata BRANSON and MEHL, 1934 


[1933], Missouri Univ. Studies, vol. 8, no. 3, 
pp. 239-240, pl. 19, fig. 14; pl. 21, figs. 22, 23. 


Ancyrodella sp. BRANSON and MERL, 1944, in 
Shimer and Shrock, Index fossils of North 
America, p. 244, pl. 94, figs. 42, 43. 


Ancyrodella lobata MEHL and QUIGLEY, QUIGLEY, 
and BRANSON and MERL, 1944, in Branson, 
Missouri Univ. studies, vol. 19, no. 3, pp. 
158, 162, pl. 26, fig. 43. 

We illustrate three specimens that seem 
to belong in this species. They are more 
closely similar to the syntype represented 
by Branson and Mehl’s figure 22 on their 
plate 21 of 1934 than is the other syntype. 
Also in 1944, Branson and Mehl illustrated 
a specimen, from the Sweetland Creek shale 
at some unrecorded locality in Iowa, that in 
our opinion is conspecific. 

Remarks.—The genus Ancyrodella is 
known to be of widespread occurrence in the 
United States, and Branson and Mehl (1944, 
p. 244) have recently stated that represen- 
tatives of it have been found in the Devonian 
of New York, Tennessee, Alabama, Texas, 
Oklahoma, Arkansas, Missouri, lowa, Min- 
nesota, and Wyoming but specimens from 
only half of these states have been illustrated 
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and described. In addition the genus is well 
represented in the Devonian Olentangy 
shale of Ohio. 

Of all the forms known to us, the species 
under consideration is perhaps closest to A. 
hamata Ulrich and Bassler (of the Hardin 
sandstone of Tennessee and the Arkansas 
novaculite of Arkansas) which has a rela- 
tively small platform. In general, A. lobata 
is readily differentiated from the two species 
that occur in association with it in the 
Sweetland Creek shale; that is, A. magister 
is much larger, and A. subrotunda has a more 
robust and less attenuated platform. The 
specimen represented by figure 9 on our 
plate 74, however, is more or less intermedi- 
ate between typical A. lobata and A. subro- 
tunda. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. Also, the 
Grassy Creek shale and the Sylamore sand- 
stone of Missouri. 

Figured Specimens.—State University of 
lowa, 5524. 


ANCYRODELLA MAGISTER Miller 
and Youngquist, n. sp. 
Plate 74, figure 14 


Large, over-all length of holotype about 
1.77 mm. Asymmetrical, with one side of 
platform sigmoidal, posterior portion curved 
laterally and aborally. Oral surface of plate 
nodose and bears three prominent nodose 
carinae, one of which is median whereas the 
other two are on the inner margins of the 
lateral lobes (adjacent to the blade). Aboral 
surface of platform bears three keels which 
are located directly beneath the carinae and 
join at a small escutcheon. Blade high, its 
oral edge somewhat denticulate. 

Remarks.—This species is considerably 
larger than A. lobata and A. subrotunda, with 
which it is associated, and its size serves to 
differentiate it from most congeneric forms. 


A. gigas Youngquist from the Upper Devo- 


nian near North Liberty, Iowa, is of approxi- 

mately the same length but it can be distin- 

guished from A. magister by its curved blade 

and more nearly symetrical platform. 
Occurrence.—Sweetland Creek shale about 

4 miles east of Muscatine, Iowa. 

. Holotype-—State University of Iowa, 

525. 


ANCYRODELLA SUBROTUNDA Miller 
and Youngquist, n. sp. 
Plate 74, figure 17 


Platform robust, rounded laterally, 
bluntly pointed posteriorly, and almost bi- 
laterally symmetrical although posterior 
portion is slightly curved laterally and 
aborally. Oral surface of plate nodose and 
bears three prominent nodose carinae, one 
median and two on the innet margins of 
lateral lobes (adjacent to blade). Aboral 
surface of platform bears three keels located 
directly beneath carinae and joined at a small 
escutcheon; the anterior portion of median 
keel not very prominent. Most of blade of 
holotype broken away. 

Remarks.—The posterior portion of the 
platform of this species is less acute than 
that of most representatives of this genus, 
including A. lobata and A. magister which 
also occur in the Sweetland Creek shale. A. 
subrotunda is perhaps closest to A. robusta 
Stauffer of the Olentangy shale of Ohio, 
which, however, has a very asymmetrical 
platform. A. plena Stauffer, also of the Olen- 
tangy of Ohio, is almost symmetrical, but 
does not have carinae on the lateral lobes of 
the plate. 

Occurrence-—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype-—State University of 
5526. 


lowa, 


ANCYRODELLA sp. 
Plate 74, figure 13 


The figured specimen is considerably 
smaller than other congeneric forms known 
from the Sweetland Creek shale. It may be 
an immature representative of one of the 
three foregoing species, or it may be specifi- 
cally distinct from them. In general, it re- 
sembles A. plena Stauffer of the Olentangy 
shale of Ohio more closely than any other 
species with which we are familiar. Both it 
and A. plena have almost symmetrical plat- 
forms, black oral carinae on the inner mar- 
gins of the lateral lobes of the platform 
(next to the blade), and have very similar 
aboral keels. The greatest difference appears 
to be in the ornamentation of the oral side of 
the platform, but the apparent dissimilarity 
may be due largely to interpretations by the 
artists who prepared the illustrations. 
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Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specitmen.—State University of 
Iowa, 5527. 


Genus ANCYROIDES Miller and 
Youngquist, n. gen. 
Genotype: Ancyrotdes princeps Miller 
and Youngquist, n. sp. 


We are establishing this genus for cono- 
donts which consist of an asymmetrically 
trifid plate and a short high prominent den- 
ticulated blade. Oral surface of plate is con- 
vex and nodose. Aboral surface is concave 
and has a small central escutcheon at the 
junction of three small keels. Blade is low 
anteriorly but high posteriorly where it ends 
abruptly (see pl. 75, fig. 6); it is confined to 
anterior lobe of plate on which it is typically 
not median in position. 

This genus is related to Ancyrognathus 
and Doliognathus of Branson and Mehl. It 
differs from them particularly by its very 
prominent and high blade that terminates 
abruptly posteriorly rather than grading 
gradually into a carina. In our genus cari- 
nae are either absent or low and in sharp 
contrast to the high short blade. In both 
Ancyrognathus and Doliognathus, as well as 
in such allied genera as Palmatolepis and 
Ancyrodella of Ulrich and Bassler, the blade 
is relatively higher anteriorly and becomes 
lower posteriorly as it gradually merges into 
an oral carina, whereas in the new genus the 
blade reaches a maximum height at or very 
near its posterior terminus. Also, in Ancy- 
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rognathus the lateral areas of the oral surface 
of the plate are depressed (i. e., concave) 
immediately adjacent to the blade, but in 
Ancyroides these zones are somewhat 
convex. 

In addition to several species from the 
Sweetland Creek shale of Iowa, this genus 
includes Ancyrognathus euglypheus Stauffer 
of the Olentangy shale of Ohio. 


ANCYROIDES CALVINI Miller and 
Youngquist, n. sp. 
Plate 75; figure 4 


The three lobes of the plate are subequal 
in size, and relatively short—the tip of the 
larger of the posterior lobes of the holotype 
is missing. The blade is almost median in 
position in the anterior lobe, and its anterior 
portion is particularly low and inconspicu- 
ous. Carinae can be discerned on the poste- 
rior lobes of the plate, but they are not well 
developed. On aboral surface of plate the 
growth lines are very faint, the three keels 
are small and essentially equal in promi- 
nence, and the escutcheon is very small. 

Remarks.—The most distinctive features 
of this species are the subequally developed 
lobes of the plate and the fact that the blade 
is not located close to the margin of the an- 
terior lobe and is very low anteriorly. The 
specific name is given in honor of Professor 
Samuel Calvin, pioneer student of the De- 
vonian in Iowa. 

Occurence—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype.—State University of Iowa, 
5528. 





EXPLANATION OF PLATE 72 
All specimens from the type section of the Sweetland Creek shale, about 4 miles east of Muscatine, 


Iowa. The figures are X40. 
Fics. 1—Eupriontodina? sp. 


2, 3—Hindeodella acuta Branson and Mehl. See also plate 73. 


4—Lonchodina? sp. 


5—Lonchodina aff. L. transversa Ulrich and Bassler. 

6, 7—Bryantodus petilus Miller and Youngquist, n. sp. Syntypes. 

8, 9—Htbbardella cf. H. multidens Ulrich and Bassler. Two specimens. See also plate 73 
10—Hindeodella megastyla Miller and Youngquist, n. sp. Holotype. 


11—Priontodus bellatulus Miller and Young 
12—Lonchodina aff. L. rectidens Ulrich and 
13—Brya 
14¢_Loatat parallelus Cooper. 


15—Ligonodina cf. L. hindet Ulrich and Bassler. 


16—Ligonodina sp. 
17—Nothognathella sp 


Ba 


ntodus latimarginatus Miller and Youngquist, n. sp. Holotype. 


18 —Nothognathella? Dubia Miller and Youngquist, n. sp. Holotype. 


. 508) 
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ANCYROIDES EUGLYPHEUS (Stauffer) 
Plate 75, figure 6 
Ancyrognathus euglypheus STAUFFER, 1938, Jour. 
Paleontology, vol. 12, pp. 412, 418-419, pl. 53, 

fig. 18. 

The Sweetland Creek shale has yielded an 
incomplete specimen, illustrated by a lateral 
view, that seems to resemble very closel} 
Stauffer’s holotype of this species. The 
plate lobes of both specimens are rather 
narrow. Posteriorly the blade ends very 
abruptly. The nodes on the plate are so well 
developed as to be somewhat spinose. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa, and the 
Olentangy shale of Ohio. 

Figured Specimen.—State University of 
Iowa, 5529. 


ANCYROIDES PRINCEPS Miller and 
Youngquist, n. sp. 
Plate 75, figures 2, 3 


Blade, of about six closely appressed and 
laterally compressed denticles, is located 
near one margin of the anterior lobe of the 
plate. Oral carinae exist only as small nodose 
or spinose ridges on the distal portions of the 


posterior lobes. Oral surface of plate is 
strongly convex with larger longer posterior 
lobe being particularly so. Aboral surface 
rather strongly concave, bearing distinct but 


not prominent concentric growth linesand 
three moderately well developed keels which 
meet at a very small escutcheon. On the 
holotype (pl. 75, fig. 3) but not on the para- 
type, there is a short keel-like ridge in the 
marginal portion of the plate at the point of 
bifurcation of the two posterior lobes but 
this process does not extend anteriorly far 
enough to reach the escutcheon. 

Remarks.—This species has broader plate 
lobes and less prominent oral surface orna- 
mentation than A. euglypheus (Stauffer). A. 
calvint, n. sp., has relatively short stout 
plate lobes, its blade is almost median in 
position on the anterior lobe of the plate, and 
it is not strongly concave aborally. A. 
uddeni, n. sp., is smaller and has a relatively 
small blade composed of only about three 
denticles. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Types.—State University of Iowa, 5530 
(holotype), 5531 (paratype). 


ANCYROIDES UDDENI Miller and 
Youngquist, n. sp. 
Plate 74, figure 16; plate 75, figure 5 


Small. Oral surface moderately convex to 
flat. Nodes in general arranged lineally, and 
those in median lines on posterior lobes of 
plate relatively large and form more or less 





EXPLANATION OF PLATE 73 
All specimens from the type section of the Sweetland Creek shale, about 4 miles east of Muscatine, 


Iowa. The figures are X40, 


Fics. 1—Hindeodella lambtonensis Stauffer. 
2—Lonchodina? sp. 
3—Lonchodina distans Huddle. 
4—Lidonodina sp. 
5—Bryantodus amalitus Stauffer. 
6—Ctenognathus? sp. 
7—Nothognathella sp. 
8—Bryantodus? sp. 


9—Lonchodus? constrictiterminatus Youngquist. 
10, 11—Hibbardella cf. H. multidens Ulrich and Bassler. See also plate 72. 


12—Ligonodina delicata Branson and Mehl. 
13—Lonchodina aff. L. torta Huddle. 


14—Ifindeodella acuta Branson and Mehl. See also plate 72. 


15—Euprioniodina? sp. 


16—Euprioniodina parvula Miller and Youngquist, n. sp. Holotype. 
17—Bryantodus brachyodontus Miller and Youngquist, n. sp. Holotype. 


18—Lonchodina? sp. 
19—Bryantodus? sp. 


20—Ligonodina recurvata Branson and Mehl. 


21—Lonchodina? sp. 
22—Ligonodina sp 


. 509) 
511) 
. 510) 
. 510) 
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. 507) 
- 511) 
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. 509) 
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. 508) 
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- 511) 
_ 507) 
. 510) 
511) 
(p. 510) 


23—Bryantodus flabellatus Miller and Youngquist, n.sp. Outer lateral view of holotype. (p. 506) 
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of a carina. Aboral surface of plate slightly 
concave and bears faint growth lines and 
three keels, the anterior one of which is par- 
ticularly prominent. The escutcheon is very 
small. Blade small and not quite marginal in 
position, consisting of three poorly defined 
denticles of the same amber color as the 
plate. 

Remarks.—The most distinctive features 
of this species are its small size and relatively 
small blade. The specific name is given in 
honor of Dr. J. A. Udden, who first de- 
scribed the Sweetland Creek shale. 

Occurrence-—Sweetland Creek shale about 
4 miles east of Muscatine, lowa. 

Types.—State University of Iowa, 5532 
(holotype), 5533 (paratype). 


BRYANTODUS AMALITUS Stauffer 
Plate 73, figure 5 
Bryantodus amalitus STAUFFER, 1938, Jour. 

Paleontology, vol. 12, pp. 412, 419, pl. 48, 

figs. 18, 19. 

One of the more easily recognized char- 
acters of this species is the disparity in the 
size of the denticles on the two sides of the 
cusp. Both syntypes show this feature well, 
as does our specimen. The posterior bar 
limb is incomplete in the specimen under 
consideration and in the syntypes. In all 
preserved details, however, these three 
specimens are very similar. 

Occurrence—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. Also the 
Olentangy shale of Ohio. 

Figured Specimen.—State University of 
Iowa, 5534. 


BRYANTODUS BRACHYODONTUS 
Miller and Youngquist, n. sp. 
Plate 73, figure 17 


Bar long and slender, considerably arched 
and bowed, somewhat compressed laterally, 
keeled both anteriorly and posteriorly. On 
both its outer and inner sides it bears an 
oral-lateral ridge, which is particularly 
prominent on the outer (convex) side. At 
the point of cusp insertion is a very distinct 
aboral node on the outer side of the bar. The 
two limbs of the bar are of unequal length. 

Both the cusp and the denticles are short, 
stout, somewhat laterally compressed, and 
closely appressed. There are about seven 
denticles anterior to the cusp and nine pos- 
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terior. In the holotype there are a few germ 
denticles just posterior to the cusp. 

Remarks.—The most distinctive feature 
of this species is its short denticles. B. 
brevidens Huddle of the New Albany shale of 
Indiana is similar but its denticles are rela- 
tively longer than in our form and discrete. 
The specimen illustrated by Bryant (1921, 
pl. 5, fig. 2) as Priontodus radiatus Hinde, 
from the Genesee of New York, is similar to 
B. brachyodontus but its bar limbs are 
approximately equal in length and its den- 
ticles somewhat longer. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype.-—State University of Iowa, 
5535. 


BRYANTODUS FLABELLATUS Miller 
and Youngquist, n. sp. 
Plate 73, figure 23 


Bar moderately arched but only very 
slightly bowed. On both its inner and outer 
side, near the adoral margin, the bar is dis- 
tinctly expanded and subangular laterally. 
Denticles gradational in size, subcircular in 
cross section, closely appressed, and con- 
fluent nearly to their apices. Both limbs of 
the bar bear about the same number of den- 
ticles, but those on the posterior limb are 
smaller. Cusp large, subcentral in position, 
and subcircular in cross section. Near the 
junction of the two limbs is a node on the 
outer aboral margin of the bar. The aboral 
surface is prominently keeled and only a 
small escutcheon is present beneath the 
point of cusp insertion. 

Remarks.—This form is perhaps closest to 
B. bryanti Stauffer of the Olentangy shale of 
Ohio. However, in that species the number 
of denticles on the two bar limbs is very 
unequal, and the adoral margins of the bar 
are not appreciably expanded laterally. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype-—State University of Iowa, 
5536. 


BRYANTODUS LATIMARGINATUS 
Miller and Youngquist, n. sp. 
Plate 72, figure 13 


Bar rather strongly arched orally and 
somewhat bowed laterally. Both extremities 
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of bar are keeled aborally but keel dimin- 
ishes in prominence near the point of cusp 
insertion where there is a slight excavation 
through which the keel persists. The bar 
bears a small node on the outer aboral mar- 
gin below the point of cusp insertion. Both 
the inner and outer oral surfaces of the bar 
are expanded laterally to form shelf-like 
structures which are especially prominent on 
the inner (unfigured) side—these structures 
are not nodose. The cusp and the denticles 
are inclined posteriorly but do not curve 
inward. They are slightly compressed later- 
ally, and the denticles are confluent through- 
out almost all of their length. Although the 
bar limbs are of approximately the same 
length, there are about seven denticles an- 
terior to the cusp and about five posterior. 

Remarks.—This species resembles the 
specimen from the Genesee of New York 
which Bryant (1921, pl. 4, fig. 10) illustrated 
as Priontodus radtatus Hinde, and the two 
may possibly be conspecific. B. bryanti 
Stauffer of the Olentangy shale of Ohio is 
also similar but differs in the number of den- 
ticles both anterior and posterior to the 
cusp, and does not have a prominent shelf- 
like lateral extension of the oral bar-surface. 


B. olentangtensis Stauffer has‘a larger num- 
ber of denticles. 
Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 
Holotype.—State University of Iowa, 
5537. 


BRYANTODUS PETILUS Miller and 
and Youngquist, n. sp. 
Plate 72, figures 6, 7 


This species is based on two specimens, 
both illustrated. 

The bar is moderately arched and asym- 
metrically bowed, particularly in its poste- 
rior portion. There is a submedian lateral 
ridge on both the outer and inner sides of the 
bar. The denticles are very much compressed 
laterally and confluent nearly to their 
apices; the anterior ones are very large. The 
cusp is large, laterally compressed, and 
rather strongly inclined posteriorly. Abor- 
ally there is a sharp keel and, at the place of 
junction of the two bar limbs, a small 
escutcheon. 

Remarks.—This species differs from most 
other representatives of the genus in the 


strong lateral compression and almost 
blade-like form of both the cusp and den- 
ticles. 
Occurrence——Sweetland Creek _ shale 
about 4 miles east of Muscatine, Iowa. 
Syntypes——State University of Iowa, 
5538. 


BRYANTODUS? spp. 
Plate 73, figures 8, 19 


These two specimens are not very closely 
related. However, both of them possess a 
prominent cusp located at the apex of an 
arched bar and flanked by small closely ap- 
pressed but partially discrete denticles, and 
in these features they resemble Bryantodus. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specimens.—State University of 
Iowa, 5539 (fig. 8), 5540 (fig. 19). 


CTENOGNATHUS? sp. 
Plate 73, figure 6 


This specimen resembles those from the 
Olentangy shale of Ohio and Ontario which, 
in 1938, Stauffer referred to Ctenognathus. 
When Pander established that genus he 
recognized that he was not delimiting it very 
well, and Ulrich and Bassler (1926, p. 54) 
concluded that it ‘“‘must be provisionally set 
aside as insufficiently established.” If 
Ulrich and Bassler established C. murchtsont 
Pander as the genotype of Ctenognathus, the 
nature of the genus will have to remain 
somewhat uncertain until the type species is 
better known. The denticles on the posterior 
portion of our specimen are incomplete 
distally. 

Occurrence-—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specimen.—State University of 
Iowa, 5541. 


EUPRIONIODINA PARVULA Miller 
and Youngquist, n. sp. 
Plate 73, figure 16 


Specimen slightly bowed and arched. Bar 
thin, strongly compressed laterally, and 
bears a prominent aboral keel. Denticles 
small and laterally compressed with the 
exception of the one immediately adjacent 
to the cusp. Germ denticles numerous. Cusp 
long, slender, and circular in cross section. 
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Anterior portion of bar, cusp, and anticusp 
sharply deflected inward. Anticusp is also 
deflected aborally and bears two or three 
small discrete denticles. 

Remarks.—This species is small for the 
genus and its anterior portion is more 
strongly deflected laterally than is that of 
most other congeneric forms. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype-——State University of Iowa, 
5542. 


EUPRIONIODINA? spp. 
Plate 72, figure 1; Plate 73, figure 15 


We are uncertain regarding the affinities 
of the specimen illustrated on plate 72, as 
both of its extremities are incomplete. How- 
ever, at least the preserved portion of it is 
similar to such forms as E.? sp. Stauffer 
(1938, p. 462, pl. 52, fig. 7) of the Olentangy 
shale of Ontario. 

The individual represented by figure 15 
on plate 73 is typical of many fragmentary 
specimens in our collections from the Sweet- 
land Creek shale. It is not very complete, 
but the preserved portion suggests affinity 
with Eupriontodina. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specimens.—State University of 
Iowa, 5543 (pl. 72, fig. 1), 5544 (pl. 73, fig. 
15). 


HIBBARDELLA cf. H. MULTIDENS 
Ulrich and Bassler 
Plate 72, figures 8, 9; Plate 73, 
figures 10, 11 
?Hibbardella multidens ULRicH and BAssLeER, 

1926, U. S. Nat. Mus. Pr., vol. 68, art. 12, p. 

38, pl. 3, figs. 8, 9. 

?Hibbardella multidens HoLMEs, 1928, U.S. Nat. 
__ Mus. Pr., vol. 72, art. 5, p. 11. 

We are illustrating four apparently con- 
specific specimens that belong in Hibbar- 
della but are so incomplete that their specific 
affinities are uncertain. The angle between 
the bar limbs is large and the cusp is broadly 
elliptical in cross section. Therefore, super- 
ficially at least, this form seems to be close 
to H. multidens. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. The type 
specimens of H. multidens came from the 
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lower Attica shale (Rhinestreet equivalent) 
of New York. 

Figured Specimens.—State University of 
Iowa, 5545. 


HINDEODELLA ACUTA Branson 
and Mehl 

Plate 72, figures 2, 3; Plate 73 
figure 14 

Hindeodella acuta BRANSON and MERL, 1934 
[1933], Missouri Univ. Stucies, vol. 8, no. 3, 
p. 196, pl. 14, fig. 8 (and possibly fig. 10). 

Hindeodella acuta Cooper, 1939, Jour. Paleon- 
tology, vol. 13, pp. 389, 419, pl. 46, figs. 15, 
23, 29. 

Hindeodella acuta BRANSON and MEHL, 1944, in 
Shimer and Shrock, Incex fossils of North 
America, p. 241, pl. 93, fig. 47. 

Hindeodella acuta BRANSON and MERL, 1944, in 
Branson, Missouri Univ. Stucies, vol. 19, no. 
3, p. 162. 

Hindeodella acuta YOUNGQUIST and PETERSON, 
1947, Jour. Paleontology, vol. 21, p. 245, pl. 38, 
figs. 7, 8 
Bar almost straight but distinctly bowed 

laterally, its posterior portion projects 
aborally, and anterior to the cusp the bar 
curves laterally. Cusp large and deeply in- 
serted. Denticles, which are also deeply 
inserted, are large and essentially circular in 
cross section. They constitute an alternating 
series with one or two small denticles be- 
tween adjacent large ones. On posterior 
portion of bar, denticles become progres- 
sively more inclined posteriorly, and on ter- 
minus of bar there isa large denticle the long 
axis of which is essentially a continuation of 
the bar axis. 

Remarks.—Of the three specimens that 
we are referring to this species, that repre- 
sented by figure 3 on plate 72 is much the 
best. These specimens show certain slight 
differences, for example, our best specimen 
has a rather poorly developed aboral keel, 
and the inclination of the denticles in all 
three differs. In the figured syntype of this 
species, the bar is less stout, and both the 
bar and the denticles are laterally com- 
pressed rather than essentially circular in 
cross section. The Oklahoma specimens 
which Cooper referred to this species in 1939 
are not very complete and we are uncertain 
in regard to their affinities. The Sheffield 
specimens resemble the figured syntype 
rather closely. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. Also, the 
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Sheffield shale of north-central Iowa, the 
Grassy Creek shale of Missouri and a “‘Bush- 
berg-Hannibal horizon” in Oklahoma. 

Figured Specimens.—State University of 
Iowa, 5546. 


HINDEODELLA LAMBTONENSIS Stauffer 
Plate 73, figure 1 

Hindeodella lambtonensis STAUFFER, 1938, Jour. 
Paleontology, vol. 12, pp. 412, 428, pl. 50, 
figs. 2, 5, 8, 13, 14, 17, 20, 25, 28, 31. 

Hindeodella lambtonensis YouNGQuisT, 1945, 
age Paleontology, vol. 19, p. 361, pl. 55, 
g. 10. 

Hindeodella lambtonensis YOUNGQUIST and PE- 
TERSON, 1947, Jour. Paleontology, vol. 21, p. 
245, pl. 38, fig. 6. 


The long slender specimen that is illus- 
trated consists of an essentially straight bar 
which has a very slight aboral keel. The cusp 
is moderately large, rounded in cross sec- 
tion, and inclined inwardly and posteriorly. 
The denticles posterior to the cusp are 
deeply inserted in the bar, and constitute a 
gradational series wherein two to four small 
individuals separate adjacent larger ones. 
In addition there are sporadic germ denti- 
cles. 

Remarks.—This specimen seems to be 
very similar to the syntype of H. lambtonen- 
sis represented by figure 5 of Stauffer’s 
plate 50. However, it does not resemble the 
other syntypes very closely nor the 
‘specimens from the Upper Devonian near 
Middle Amana and Sheffield, lowa, which 
were referred to this species in 1945 and 
1947. Certainly, this species is at present 
broadly interpreted. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. Also, the 
Upper Devonian near Middle Amana, Iowa, 
the Sheffield shale of north-central Iowa, and 
the Olentangy shale of Ohio and Arkona 
beds of Ontario. 

Figured Specimen.—State University of 
Iowa, 5547. 


HINDEODELLA MEGASTYLA Miller 


and Youngquist, n. sp. 
Plate 72, figure 10 


The holotype of this species has a stout 
bar which is almost straight although slight- 
ly bowed and arched. The aboral edge of the 
bar forms a sharp keel. The three denticles 
immediately posterior to the cusp are deeply 


inserted, but the others (and the cusp) do 
not appear to be—that is, they seem to be 
gradational with bar material. The two 
diameters of the cross section of the cusp are 
about equal. The denticles are large and are 
all more or less the same size. There are a 
few germ denticles just posterior to the cusp 
and intercalated between the anterior two 
or three denticles. 

Remarks.—This species is not typical of 
Hindeodella. However, its general form and 
particularly the presence of intercalated 
germ denticles indicate that it belongs in 
that genus. Superficially, it resembles H. 
millerella Youngquist and Peterson of the 
Sheffield shale of north-central Iowa, in 
which, however, the denticles are relatively 
larger and all deeply inserted, and the bar is 
more strongly bowed and arched. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype-—State University of Iowa, 
5548. 


LIGONODINA DELICATA Branson 
and Mehl 
Plate 73, figure 12 


Ligonodina delicata E. B. BRANSON and MERL, 
1934 [1932], Missouri Univ. Studies, vol. 8, 
no. 3, p. 199, pl. 14, figs. 22, 23. 

Ligonodina delicata E. R. BRANSON, 1934 [1933], 
Missouri Univ. Studies, vol. 8, no. 4, p. 328, 
pl. 27, fig. 3. 

Ligonodina delicata E. B. BRANSON et al., 1938, 
Missouri Univ. Studies, vol. 13, no. 4, p. 133. 

Ligonodina delicatula Cooper, 1939, Jour. 
Paleontology, vol. 13, pp. 390, 419, pl. 45, 
figs. 50, 60, 61. 

Ligonodina delicata CoorpeR and S oss, 1943, 
Jour. Paleontology, vol. 17, p. 170. 

Ligonodina delicata E. B. BRANSON and MERL, 
1944, in Shimer and Schrock, Index fossils of 
North America, p. 241, pl. 93, fig. 74. 

Ligonodina delicata MEHL and QUIGLEY, QUIG- 
Ley, E. B. BRANSON and MERL, and E. R. 
BRANSON, 1944, in E. B. Branson, Missouri 
Univ. Studies, vol. 19, no. 3, pp. 153, 158, 163, 
221, [not pl. 26, fig. 23). 


Our collection contains a specimen that is 
strikingly similar to the holotype of this 
species, even being broken in the same 
manner. The cusp, which is subcircular in 
cross section, is not appreciably flared at 
either its inner or its outer aboral margins. 
Beneath the cusp there is a very slight ex- 
cavation, which is continued as a shallow 
groove onto the anticusp and the bar. The 
denticles on the bar are considerably sepa- 
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rated from each other and are nearly circu- 
lar in cross section. There are five short stout 
closely spaced denticles on the anticusp, 
also almost circular in cross section. The 
anticusp of our specimen is essentially com- 
plete. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa; the Grassy 
Creek, Sylamore, and Hannibal formations 
of Missouri; a ‘“Bushberg-Hannibal hori- 
zon’’ in Oklahoma; and beds that are pre- 
sumably of about the same age in Alberta. 
Cooper and Sloss have also listed this spe- 
cies from the New Albany shale of Indiana, 
but Huddle (to whom they refer) does not 
mention it. 

Figured Spectmen.—State University of 
Iowa, 5549. 


Liconopina cf. L. HINDEI Ulrich 
and Bassler 
Plate 72, figure 15 

?Ligonodina hindei ULRICH and BassLeER, 1926, 
U.S. Nat. Mus. Pr., vol. 68, art. 12, p. 14, pl. 2, 
figs. 14-16. 

?Ligonodina hindet HoLtMEs, 1928, U. S. Nat. 
Mus. Pr., vol. 72, art. 5, p. 12. 

?Ligonodina hindei HuppLe, 1934, Bull. Am. 
Paleontology, vol. 21, no. 72, pp. 15, 25, 60-61, 
pl. 7, figs. 13?, 22; pl. 12, figs. 13, 14. 

?Ligonodina cf. L. hindei STAUFFER, 1938, Jour. 
Paleontology, vol. 12, pp. 413, 431, pl. 51, 
fig. 9. 

We have a single specimen that resembles 
the figured syntypes of this species but is 
broken in such a way that even its generic 
affinities are uncertain. The entire extension 
of the bar anterior to the cusp is missing in 
our specimen. The cusp originates deep in 
the bar, but the denticles seem to grade into 
the bar material. The cusp and the denticles 
are somewhat compressed laterally. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. L. hindet 
was originally described from the lower 
Attica shale of New York, and specimens 
have been referred to it from the New 
Albany shale of Indiana and the Arkona 
of Ontario. 

Figured Specimen.—State University of 
Iowa, 5550. 


LIGONODINA RECURVATA Branson 
and Mehl 
Plate 73, figure 20 
Ligonodina recurvata BRANSON and MEHL, 1934 


[1933], Missouri Univ. Studies, vol. 8, no. 3, 
p. 200, pl. 14, fig. 24. 
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Ligonodina recurvata CooPER, 1939, Jour. Paleon- 

tology, vol. 13, pp. 391, 419, pl. 45, figs. 56, 57. 
Ligonodina recurvata BRANSON and MEHL, 1944, 

tn Branson, Missouri Univ. Studies, vol. 19, 

no. 3, p. 163. 

The holotype of this species is essentially 
a mirror-image of the specimen that we are 
regarding as conspecific. We are unable to 
ascertain any noteworthy difference between 
them. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. Also, the 
Grassy Creek shale of Missouri and a ‘‘Bush- 
berg-Hannibal horizon” in Oklahoma. 

Figured Specimen.—State University of 
Iowa, 5551. 


LIGONODINA spp. 
Plate 72, figure 16, Plate 73, 
figures 4, 22 


On the inner (unfigured) side of the speci- 
men illustrated on plate 72, there is a promi- 
nent anticusp which is incomplete distally, 
as are the cusp and the bar. The cusp is 
stout, and both it and the denticles are 
rather strongly curved posteriorly. In its 
general form it resembles such closely re- 
lated species as L. hindet and L. falctformis 
of Ulrich and Bassler, from the lower Attica 
shale of New York. 

The specimen illustrated by figure 4 on 
plate 73, is somewhat less complete, but 
seems to be fairly similar. Figure 22 on this. 
plate illlustrates a specimen that retains 
only very small portions of the anticusp and 
bar. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specimens.—State University of 
Iowa, 5552 (pl. 72, fig. 16), 5553 (pl. 73, 
fig. 4), 5554 (pl. 73, fig. 22). 


LONCHODINA DISTANS Huddle 
Plate 73, figure 3 
Lonchodina distans HuppLe, 1934, Bull. Am. 
Paleontology, vol. 21, no. 72, pp. 16, 84, pl. 6, 
fig. 13; pl. 10, fig. 3. 
?Lonchodina distans Cooper, 1939, Jour. Pa- 
leontology, vol. 13, pp. 392, 419, pl. 46, fig. 69. 


Both the holotype and the figured para- 
type of this species are quite similar to our 
specimen, but they have a rather prominent 
aboral node at the junction of the two bars. 
In the Iowa form, the denticles are rounded 
in cross section, as in the figured paratype. 
The specimen which Cooper referred to this 
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species is so incomplete that its affinities are 
very uncertain. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. Also, the 
New Albany shale of Indiana, and possibly 
a ‘‘Bushberg-Hannibal horizon’’ in Okla- 
homa. 

Figured Spectmen.—State University of 
Iowa, 5555. 


LONCHODINA aff. L. RECTIDENS 
Ulrich and Bassler 
Plate 72, figure 12 


The generic affinities of this specimen are 
clear. It appears to represent an unnamed 
species but is too incomplete to serve satis- 
factorily as a holotype. In general it re- 
sembles L. rectidens from the Rhinestreet 
shale of New York, but is much more prom- 
inently keeled, that is, its bar is very atten- 
uate aborally. 

Occurrence-—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specimen.—State University of 
Iowa, 5556. 


LONCHODINA aff. L. Torta Huddle 
Plate 73, figure 13 


The holotype of Huddle’s species, which 
came from the New Albany shale of Indiana, 
is much larger and somewhat more asym- 
metrical than the congeneric specimen in our 
collection. However, the two have many 
characters in common, and may be closely 
related. The taxonomic significance of size is 
doubtful, and in our specimen the right bar 
is incomplete so that its symmetry may be 
more apparent than real 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specitmen.—State University of 
Iowa, 5557. 


LONCHODINA aff. L. TRANSVERSA 
Ulrich and Bassler 
Plate 72, figure 5 


The specific affinities of this specimen are 
very uncertain. Although it is not particu- 
larly close to L. transversa from the lower 
Attica shale of New York, it can be compared 
to the syntype of that species represented by 
Ulrich and Bassler’s figure 2 on their plate 6 
of 1926. Superficially, our specimen resem- 
bles Hibbardella in symmetry but clearly 


did not possess a third bar limb, which is 
characteristic of that genus. 
Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 
Figured Specimen.—State University of 
Iowa, 5558. 


LONCHODINA? spp. 
Plate 72, figure 4; Plate 73, 
figures 2, 18, 21 


These four specimens are incomplete. The 
portions of them that remain suggest a 
probable relationship to Lonchodina, a genus 
well represented in the fauna being studied. 
The individual illustrated by figure 2 on 
plate 73, may be related to L. discreta 
Ulrich and Bassler of the Hardin sandstone 
of Tennessee. 

Occurrence—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specimens.—State University of 
Iowa, 5559 (pl. 72, fig. 4), 5560 (pl. 73, fig. 
2), 5561 (pl. 73, fig. 18), 5562 (pl. 73, 
fig. 21). 


LONCHODUS? CONSTRICTITERMINATUS 
Youngquist 
Plate 73, figure 9 
Lonchodus? constrictiterminatus YOUNGQUIST, 

1947, Jour. Paleontology, vol. 21, p. 107, pl. 25, 

fig. 19. 

The distal portion of the posterior den- 
ticle of the specimen illustrated is contracted 
abruptly and it is more strongly inclined 
posteriorly than the rest of the denticle. 
This feature suggests a close relationship to 
the holotype of L.? constrictiterminatus, and 
both specimens are in general quite similar. 
Neither, however, is sufficiently complete 
that its generic affinities can be determined 
with certainty. 

Remarks.—The two anterior denticles on 
our specimen are broken so that the nature 
of their termini can not be ascertained. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. Also, the 
Upper Devonian near North Liberty, Iowa. 

Figured Specimen.—State University of 
Iowa, 5563. 


LONCHODUS PARALLELUS Cooper 
Plate 72, figure 14 


Lonchodus parallelus Cooper, 1939, Jour. 
Paleontology, vol. 13, p. 392, pl. 46, fig. 42. 


In all available particulars, our specimen 
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seems to conform with the holotype of this 
species. Both might, of course, be fragments 
of a form like Priontodina sp. Branson and 
Mehl (1934 [1933], p. 215, pl. 14, fig. 19) 
from the Grassy Creek shale of Missouri. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa, also, a 
“‘Bushberg-Hannibal horizon”’ in Oklahoma. 

Figured Specitmen.—State University of 
Iowa, 5564. 


NOTHOGNATHELLA? DUBIA Miller 
and Youngquist, n. sp. 
Plate 72, figure 18 


The holotype, although somewhat incom- 
plete, is exceptionally well preserved, and 
illustrates most of the more significant char- 
acters of the species. It is rather strongly 
arched but only slightly bowed. The cusp is 
large and circular in cross section. The an- 
terior denticles, which are laterally com- 
pressed, are large; at least their proximal 
portions closely appressed. There are five 
posterior denticles; they are small, circular 
in cross section, and rather widely separated. 
The aboral-lateral margins in the region of 
cusp insertion are broadly flared to encom- 
pass a large escutcheon. On the aboral sur- 
face there are small keels anteriorly and 
posteriorly. 

Remarks.—This form is not typical of 
Nothognathella in that it does not have 
lateral platform-like extensions of the base. 
However, the high blade anterior to the 
cusp and the small discrete denticles in the 
posterior portion suggest a relationship to 
this genus. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 
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Holotype-——State University of Iowa, 


5565. 


NOTHOGNATHELLA spp. 
Plate 72, figure 17; Plate 73, figure 7 


The specimen illustrated on plate 72 has a 
rather narrow platform and, therefore, is 
more or less intermediate between typical 
Bryantodus and Nothognathella. The poste- 
rior portion is incomplete. The platform is 
much wider on the inner than on the outer 
(figured) side. 

The individual figured on plate 73 is also 
narrowly expanded near its base, and seems 
to be congeneric but not conspecific with the 
other. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specimens.—State University of 
Iowa, 5566 (pl. 72, fig. 17), 5567 (pl. 73, 
fig. 7). 


PALMATOLEPIS GIGAS Miller and 
Youngquist, n. sp. 
Plate 75, figure 1 


Holotype large, about 1 mm. in maximum 
length. Oral surface of plate sinuous, with 
lateral lobe slightly concave and posterior 
portion of plate curved rather strongly 
aborally. Blade very high anteriorly. It 
decreases in height posteriorly but continues 
as a carina across the oral surface of the 
plate to the steut azygous node, where it 
bifurcates, with one branch extending al- 
most straight on the posterior portion of the 
plate, and the other extending almost at 
right angles across the lateral lobe. Aboral 
surface of specimen, though sinuous, in 
general smooth with a small subcentral 





EXPLANATION OF PLATE 74 
All specimens from the type section of the Sweetland Creek shale, about 4 miles east of Muscatine, 


Iowa. The figures are X40. 


Fics. 1, 2—Polygnathus webli Stauffer. Two specimens. 
3—Polygnathus carinata Miller and Youngquist, n. sp. Holotype. 
4, 5—Polygnathus normalis Miller and Youngquist, n. sp. Holotype and paratype. 
6, 7—Polygnathus decorosa Stauffer. Two specimens. 


8—Polygnathus sp. 


9—Polygnathus brevis Miller and Youngquist, n. sp. Holotype. 
10-12—A ncyrodella lobata Branson and Mehl. 


13—Ancyrodella sp. 


14—Ancyrodella magister Miller and Youngquist, n. sp. Holotype. 
15—Polygnathus? rugicosta Miller and Youngquist, n. sp. Holotype. 
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16—Ancyrotdes uddenit Miller and Youngquist, n. sp. Paratype. See also plate 75. 
17—Ancyrodella subrotunda Miller and Youngquist, n. sp. Holotype. 
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escutcheon, faint anterior and posterior 
keels, and only a trace of a keel on lateral 
lobe of plate. 

Remarks.—The most distinctive charac- 
teristics of this species are its large size, 
prominent long carina on lateral lobe of 
plate, and large high almost straight blade. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype-—State University of Iowa, 
5568. 


PALMATOLEPIS SUBPERLOBATA 
Branson and Mehl 
Plate 75, figures 12-14 

Palmatolepis subperlobata BRANSON and MEHL, 
1934 [1933], Missouri Univ. Studies, vol. 8, 
no. 3, p. 235, pl. 18, figs. 11, 21. 

Palmatolepis subperlobata BRANSON and MEHL, 
1944, in Shimer and Shrock, Index fossils of 
North America, p. 245, pl. 94, fig. 41. 

Palmatolepis subperlobata MEHL and QUIGLEY, 
BRANSON and MERL, and QUIGLEY, 1944, in 
Branson, Missouri Univ. Studies, vol. 19, no. 3, 
pp 153, 157, 158, 163, pl. 26, fig. 26? [not 27]; 
pl. 28, figs. 18, 41. 

Our three illustrated specimens seem to be 
very similar to Branson and Mehl’s syn- 
types. The individual portrayed by our 
figure 13 is particularly close to that illus- 
trated by Branson and Mehl’s figure 11 on 
their plate 18 of 1934. Furthermore, it also 
resembles their figure 25 on the same plate, 
which they designate as P. perlobata Ulrich 
and Bassler. Branson and Mehl state that 
“in shape this species [P. subperlobata] re- 
sembles P. perlobata Ulrich and Bassler, but 
the ornamentation of the oral surface is 
entirely different.’"” However, insofar as we 
can tell from the published illustrations of 
the many specimens that various authors 
have referred to these two species, there is a 
considerable amount of variation in the de- 
tails of the oral surface ornamentation, and 


both species have been allowed so much 
latitude that it is doubtful if more than one 
of them should continue to be recognized. 
P. flabelliformis Stauffer may also be a 
synonym of P. perlobata. 

Occurrence.—Sweetland Creek shale 
about 4 miles east of Muscatine, Iowa, and 
the Grassy Creek and Sylamore formations 
of Missouri. 

Figured Specimens.—State University of 
Iowa, 5569. 


PALMATOLEPIS SUBRECTA Miller 
and Youngquist, n. sp. 
Plate 75, figures 7-11 


We base this species on several specimens 
in all of which the blade, together with its 
carinal extension, is fairly straight, finely 
denticulate, and high anteriorly. The height 
of the blade decreases posteriorly, where it 
extends onto the plate as a carina which con- 
tinues posteriorly from the azygous node as 
a very low ridge and does not have a distinct 
branch on the lateral lobe. Oral surface of 
plate sinuous and in general concave an- 
teriorly and convex posteriorly; lateral lobe 
of plate concave. Aboral surface concave, 
has a faint longitudinal keel but none on the 
lateral lobe and no well developed growth 
lines. 

Remarks.—This species is abundant in the 
Sweetland Creek shale. It resembles certain 
specimens illustrated and described by 
Stauffer in 1938 from the Olentangy shale of 
Ohio, some of which have a carina on the 
lateral lobe of the plate whereas others do 
not. Also, the Ohio specimens are said to 
show growth lines and to have a pronounced 
aboral keel. 

Occurrence-—Sweetland Creek shale 
about 4 miles east of Muscatine, Iowa. 





EXPLANATION OF PLATE 75 
All specimens from the type section of the Sweetland Creek shale, about 4 miles east of Muscatine, 


lowa. The figures are X40. 


Fics. 1—Palmatolepis gigas Miller and Youngquist, n. sp. Holotype 
2, 3—Ancyrotdes princeps Miller and Youngquist, n. sp. Paratype and holotype. 
4—Ancyroides calvini Miller and Youngquist, n. sp. Holotype. 
5—Ancyroides uddeni Miller and Youngquist, n. sp. Holotype. See also plate 74. 
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6—Ancyroides euglypheus (Stauffer). Lateral view. 
7-11—Palmatolepis subrecta Miller and hinge 9 os n. sp. Syntypes. 
12-14—Palmatolepis subperlobata Branson and Mehl. 
15—Palmatolepis unicornis Miller and Youngquist, n. sp. Holotype. 


. 505) 
. 513) 
- 513) 
_ 514) 








514 


Syntypes.—State University of Iowa, 
5570. 


PALMATOLEPIS UNICORNIS Miller 
and Youngquist, n. sp. 
Plate 75, figure 15 


Plate large. Oral surface in general con- 
cave, but posterior portion curved aborallv. 
Blade high and bears a single large denticle 
on anterior end. Posteriorly the blade ex- 
tends to mid-portion of plate as a nodose 
carina, which essentially terminates at the 
azygous node, as its continuations onto the 
posterior and lateral lobes of the plate are 
very short. Aboral surface of plate almost 
smooth but bears fine concentric growth 
lines and a keel that extends along the long 
axis of the plate (but not onto the lateral 
lobe). Escutcheon small. 

Remarks.—In size this species is com- 
parable to P. gigas which occurs in associa- 
tion with it. However, that species bears 
prominent oral carinae on the posterior and 
lateral lobes of its plate, and there is no par- 
ticularly large denticle on the anterior end 
of the blade. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype——State University of Iowa, 
5571. 


POLYGNATHUS BREVIS Miller and 
Youngquist, n. sp. 
Plate 74, figure 9 


Complete specimen short and_ rather 
strongly arched. Blade very short and bears 
only about two denticles anterior to the 
plate. Carina, a posterior continuation of the 
blade, high and slightly nodose, and only 
about two-thirds as long as the plate. Plate 
broad and ornamented by rather prominent 
transverse markings. Aboral surface marked 
by fine concentric growth lines and bears a 
small escutcheon and a small median keel. 

Remarks.—This species does not seem to 
be particularly close to any form with which 
we are familiar. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype-—State University of Iowa, 
5572. 





A. K. MILLER AND WALTER YOUNGQUIST 


POLYGNATHUS CARINATA Miller 
and Youngquist, n. sp. 
Plate 74, figure 3 


Blade is predominant part of specimen 
and continues across plate. Its posterior 
portion extends aborally as a pronounced 
triangular keel, which is the most distinctive 
character of the species. On the oral edge of 
the blade are about fifteen denticles which 
are laterally compressed, closely appressed 
and in general gradational in size through- 
out the length of the individual. Plate very 
short for this genus. 

Remarks.—This species resembles certain 
other Upper Devonian representatives of 
Polygnathus that have short platforms, for 
example, P. towaensis and P. postbrevicornis, 
of Youngquist and Peterson, from the Shef- 
field formation of north-central Iowa. Also, 
P. longipostica Branson and Mehl of the 
Bushberg sandstone of Missouri is similar 
but has a much larger plate. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype-—State University of 
5573. 


Iowa, 


POLYGNATHUS DECOROSA Stauffer 
Plate 74, figures 6, 7 
Polygnathus decorosus STAUFFER, 1938, Jour. 

Paleontology, vol. 12, pp. 413, 438, pl. 53, 

figs. 1, 5, 6, 10, 11, 15, 16, 20, 30. 

Polygnathus decorosa YOUNGQUIST, 1947, Jour. 
Paleontology, vol. 21, p. 109, pl. 24, fig. 21. 
Polygnathus decorosa YOUNGQUIST and PETER- 

sON, 1947, Jour. Paleontology, vol. 21, p. 250, 

pl. 36, figs. 10-12. 

Among the numerous representatives of 
the genus Polygnathus in our collections are 
two individuals which closely resemble cer- 
tain of the type specimens of P. decorosa, 
particularly those represented by figures 1 
and 15 on Stauffer’s plate 53. In this species 
there are some ten to twelve denticles on the 
blade, and they are strongly compressed 
laterally and confluent almost to their 
apices. The escutcheon is small. The entire 
specimen is only gently bowed and arched. 

Remarks.—This species is similar to P. 
communis Branson and Mehl from the 
Bushberg sandstone of Missouri. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa, the Olen- 














ur, 


53, 
ur. 


ER- 





CONODONTS FROM SWEETLAND CREEK SHALE IN IOWA 515 


tangy shale of Ohio, the Arkona beds of 
Ontario, the Sheffield formation of north- 
central Iowa, and an Upper Devonian shale 
near North Liberty, Iowa. 

Figured Specimens.—State University of 
Iowa, 5574. 


POLYGNATHUS NORMALIS 
Miller and Youngquist, n. sp. 
Plate 74, figures 4, 5 


Specimen moderately arched and slightly 
bowed. Posterior end of holotype (pl. 74, 
fig. 4) rather strongly curved aborally, but 
corresponding portion of paratype (pl. 74, 
fig. 5) somewhat less curved. Blade moder- 
ate in length and bears about nine laterally 
compressed denticles which are confluent 
nearly to their apices and reach a maximum 
height near the mid-length of the blade. 
Plate of about average width, somewhat 
flared on the outer (convex) side, and bears 
rather prominent transverse markings and a 
nodose carina which extends almost to the 
posterior tip. On aboral surface there is a 
small essentially median keel and a small 
escutcheon. 

Remarks.—This species is a typical repre- 
sentative of the widespread genus Poly- 
gnathus. It resembles the specimen from the 
Genesee of New York illustrated by Bryant 
(1921, pl. 10, fig. 3) as Polygnathus pennatus 
Hinde, which may be conspecific. 

Occurrence.—Sweetland Creek shale about 


4 miles east of Muscatine, Iowa. 


Types.—State University of Iowa, 5575 
(holotype), 5576 (paratype). 


POLYGNATHUS? RUGICOSTA 
Miller and Youngquist, n. sp. 
Plate 74, figure 15 


The only known representative of this 
species is large, its maximum length being 
about 2 mm. and the blade is not quite com- 
plete anteriorly. Plate strongly arched but 
not appreciably bowed. Oral surface bears 


prominent transverse rugae which are 


sinuous. On the posterior half of the plate 
is a median nodose carina which grades 
anteriorly into a large stout crenulate blade. 
Near mid-length, the blade is approximately 
median in position, but anteriorly it be- 
comes marginal. Immediately adjacent to 


the blade, the oral surface of the plate is 
deeply and narrowly concave. On the aboral 
surface are fine concentric growth-lines, 
small anterior and posterior keels, and a 
large median escutcheon. 

Remarks.—This species is somewhat simi- 
lar to several of the representatives of Poly- 
gnathus known from the Grassy Creek shale 
of Missouri, for example, P. triangularis 
Branson and Mehl. Superficially it also re- 
sembles Nothognathelia solida Branson and 
Mehl from the same formation, and it may 
be related to Polygnathella nothus, also of 
the Grassy Creek shale. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Holotype-——State University of 
5577. 


Iowa, 


POLYGNATHUS WEBBI Stauffer 
Plate 74, figures 1, 2 
Polygnathus webbi STAUFFER, 1938, Jour. Pa- 

leontology, vol. 12, pp. 413, 439, pl. 53, figs. 25, 
_ 26, 28, 29. 

Stauffer appears to have allowed this 
species considerable latitude, and we have 
two specimens that seem to come within its 
limits. However, the oral transverse orna- 
mentation of our specimens is less promi- 
nent than is that of the syntypes and the 
individuals we are studying lack a well de- 
veloped elongate escutcheon such as Stauf- 
fer illustrates for the species. 

Remarks.—In general, this form resembles 
P. percarinata Youngquist of the Upper 
Devonian near North Liberty, Iowa, but 
does not possess the sharp pronounced keel 
that is characteristic of that species. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa and, Olen- 
tangy shale of Ohio. 

Figured Specimens.—State University of 
Iowa, 5578. 


POLYGNATHUS sp. 
Plate 74, figure 8 


This small specimen resembles one from 
the Grassy Creek shale of Missouri that 
Branson and Mehl (1934, pl. 21, fig. 21) il- 
lustrated as ‘‘Polygnathus sp."’ They did not 
describe their specimen but stated that it is 
immature. If that is so, presumably ours also 
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is not mature. It has six partially confluent 
denticles on the blade. The plate is rather 
narrow and about equal in length to the 
blade. On the aboral surface there is a fairly 
distinct keel, and a moderately large es- 
cutcheon located near the junction of the 
blade and the plate. The specimen as a 
whole is gently bowed and arched. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 

Figured Specimen.—State University of 
Iowa, 5579. 


PRIONIODUS BELLATULUS 
Miller and Youngquist, n. sp. 
Plate 72, figure 11 


Cusp large, asymmetrically lenticular in 
cross section, being laterally compressed, 
flattened on inner surface, rounded on outer 
surface, and angular posteriorly and an- 
teriorly. Aboral margin of cusp flared on 
inner but not on outer side, and base of cusp 
only moderately excavated. Anticusp long, 
slender, and curved anteriorly but not later- 
ally. Number of denticles uncertain as holo- 
type is incomplete posteriorly, but denticles 
preserved on it are discrete and essentially 
circular in cross section. 

Remarks.—This form resembles P. semt- 
separatus Branson and Mehl from the 
Grassy Creek shale of Missouri but has a 
longer and more slender anticusp which is 
not deflected laterally, and its bar does not 
have a sharp aboral margin. P. undosus 
Ulrich and Bassler from the lower Attica 
shale of New York has relative large denti- 
cles in comparison to the size of the cusp, 
and its anticusp is not curved anteriorly. 
P. alatus Hinde, which is widespread in the 
United States in beds of about the same age 
as the Sweetland Creek, has closely ap- 
pressed denticles which are laterally com- 
pressed rather than rounded. 

Occurrence.—Sweetland Creek shale about 
4 miles east of Muscatine, Iowa. 


Holotype-—State University of Iowa, - 


5580. 
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AsstTrRactT—A small collection of non-marine Ostracoda from the Salt Lake forma- 
tion of northern Utah is of interest because little is known of such fossils in the later 
Tertiary deposits of North America. The twelve described species, eleven of them 
new, include representatives of Cypridopsis Brady, Candona Baird, and Limni- 
cythere Brady, together with the new genera Tuberocypris and Tuberocyproides. 





INTRODUCTION 


Fy collection obtained by Prof. J. 
Stewart Williams of Utah State Agri- 
cultural College, from the Salt Lake forma- 
tion of Cache and Box Elder Counties, 
northern Utah, provides a _ surprisingly 
varied assemblage of non-marine ostracodes. 
In a general way the faunule is modern in 
character, with one species of Cypridopsis 
Brady, four species of Candona Baird, and 
three species that are here assigned tenta- 
tively to Limnicythere Brady, all of them 
more or less related to Pleistocene and Re- 
cent forms. The Cypridopsts is closer to C. 
compressa Chapman of the Middle Tertiary 
of Australia (Beasley, 1945) than to the 
common Recent C. vidua (Miiller). Among 
the representatives of Candona, one seems 
identical with the Recent C. compressa 
(Koch); C. cachensis, n. sp. and C. para- 
caudata, n. sp. are close to the Recent forms 
C. candida (Miiller): and C. caudata Kauf- 
mann, respectively. The three new species 
here questionably referred to Limnicythere 
are, on the other hand, very different in their 
finer ornamental details from described 
Recent members of that genus. 
Tuberocypris, n. gen., and Tuberocyproides, 
n. gen., are possibly related to the can- 
donids, judging from their sinuous, medially 
concave ventral margins and their hinge- 
ment, but their surface ornamentation in 
combination with shape and internal fea- 
tures distinguish them from other members 
of the Cypridae, to which they clearly be- 
long. Consideration was given to the pos- 
sibility that the sub-median wart-like ex- 
terior protuberance on each valve in 
Tuberocypris might be the result of some 


pathologic disturbance, but it is perhaps 
more plausibly, an area designed to 
strengthen the attachment of adductor 
muscle strands. 

As yet, little is known of the later Tertiary 
non-marine ostracodes, so that some of the 
problems of morphology and classification 
encountered here must await accumulation 
of additional collections. On the whole, the 
presently known ostracodes of the Salt Lake 
formation differ markedly from those oc- 
curring in collections now being studied from 
the Paleocene Fort Union formation and the 
Eocene Wasatch formation, in both of which 
examples of Jhocypris Sars occur abun- 
dantly. 

The name Salt Lake was introduced by F. 
V. Hayden in 1869 to include light colored 
sands, sandstones, clays and marls occupy- 
ing the margins of parts of the valley of 
Great Salt Lake in northern Utah. The 
thickness ranges from a feather edge to 
1200 feet or more. Originally classed as a 
group by Hayden, it was termed a formation 
by Mansfield (1920), who reported its oc- 
currence in adjacent Idaho and Wyoming, 
and found it to be partly lacustrine but 
largely fluviatile in origin. The U. S. Geo- 
logical Survey considers the formation as 
Tertiary, probably Pliocene (Wilmarth, p. 
1897, 1938), but a molluscan collection from 
it in southern Idaho is considered by Yen 
(1946) to be late Miocene in age. At the 
locality from which the ostracodes described 
here were obtained, Yen (1947) finds the 
mollusks to be more probably upper Plio- 
cene. Another collection from beds assigned 
to the Salt Lake formation in southwestern 
Wyoming contains species of mollusks be- 
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lieved by Yen (1947) to be lower Pleisto- 
cene. According to Dr. J. B. Reeside, Jr. 
(written communication), ‘there has been 
considerable debate about the age of the 
Salt Lake formation, and probably a mixing 
together of units of really differing ages.” 

Judging from the occurrence of modern 
representatives, Candona and Cypridopsis in 
the present collection suggest either a 
lacustrine or a paludal environment rather 
than a fluviatile one. The modern species 
much prefer quiet water, although some of 
them have become adapted to swift streams. 
The general light colors that prevail in the 
matrix of the collection suggest well aerated 
waters rather than swampy conditions. 

All of the material described in this paper 
is from a single locality, Sec. 15, T. 13 N., 
R. 2 W., on the boundary between Cache 
and Box Elder Counties, Utah. A second 
small collection of poorly preserved ostra- 
codes submitted to the writer by the U. S. 
Geological Survey is from a locality in south- 
ern Wyoming. It contains none of the species 
described here, and probably differs in age. 

Acknowledgement is made to Prof. J. 
Stewart Williams, who supplied the speci- 
mens, and to the Pennsylvania State Col- 


lege for the use of its laboratory facilities. 
The writer’s work has been supported by the 
U. S. Geological Survey, and the type speci- 
mens are deposited in the U. S. National 
Museum. 


DESCRIPTION OF SPECIES 
Order OstRacopaA Latreille 
Family CypripAE Baird, 1846 
Genus Cypripopsis Brady, 1868 


Shell ovate to elliptical-subreniform in 
side view; greatest height about median, 
height relatively great in proportion to 
length; dorsal margin more or less strongly 
arched; ventral margin nearly straight to 
slightly concave medially; terminal margins 
rounded, more or less extended below; an- 
terior margin somewhat the more broadly 
rounded. Right valve larger than left, ex- 
tending beyond the other most noticeably 
along midportion of ventrum. Valves rather 
strongly convex as viewed dorsally; greatest 
convexity about median. Surface smooth or 
pitted. 

Hinge approximately one-third of shell 
length; hinge contact recessed to form a nar- 


row slit as viewed dorsally; hinge of right 
valve consists of a groove for reception of 
other hinge margin. 

Muscle scar of genotype consists of a sub- 
medially placed group of four spots, to- 
gether with two additional more antero- 
ventral spots, and a tiny more posterior 
spot. 

Genotype.—Cypris vidua O. F. Miiller, 
1776. The genus ranges from the Permian to 
the Recent. 

Habitat.—The locomotor appendages of 
modern species of Cypridopsis permit both 
swimming and creeping (Sharpe, 1903, p. 
991; Beasley, 1945, p. 117). Present-day 
forms, of which C. vidua (Miiller) is one of 
the most common, live in shallow temperate 
and tropical ponds and lakes (Scott, 1944, 
p. 144), and seem to thrive best in still rather 
than in turbulent water. They feed mostly 
on algae. 


CyYPRIDOPSIS SALTLAKENSIS 
Swain, n. sp. 
Plate 76, figures 17-20 


Shell subovate in side view; greatest 
height median; dorsal margin moderately 
convex in left valve, rather strongly convex 
in right valve; anterior margin broadly and 
nearly uniformly rounded; posterior margin 
more narrowly rounded, truncate above; 
ventral margin nearly straight in left valve, 
slightly convex in right valve. Right valve 
larger than left, overlapping and extending 
strongly beyond the other along ventrum, 
less strongly terminally and dorsally. Great- 
est convexity in posterior third. Surface 
smooth. 

Hinge of right valve consists of a narrow 
groove for reception of other hinge margin; 
hinge surface curved and equal to about 0.6 
of shell length. 

Inner lamellae narrow; line of concres- 
cence and inner margin coincide post-mid- 
ventrally for a short distance, but elsewhere 
they are separate. Muscle scar not ob- 
served owing to conditions of preservation. 

Dimensions.—The holotype, a complete 
example, measures; length 0.65 mm., height 
C.46 mm. 

Relationships.—This species is somewhat 
similar to C. obesa Brady and Robertson 
(1874), which occurs in Pleistocene and 
Recent deposits of Europe, but its valves 











are less strongly convex, and it lacks the 
punctate surface of that species. 

Types.—Holotype, U.S.N.M. 559976; par- 
atypes, 559976a. 


Genus Canpona Baird, 1850 


Shell ovate-elongate-reniform in lateral 
aspect; greatest height in posterior half; 
dorsal margin arched; ventral margin sinu- 
ate, typically concave in front of midlength; 
ends rounded, posterior end typically pro- 
duced at its ventral bend, and in some in- 
stances extended or caudate at this position; 
dorsal slopes subtruncate. Left valve slightly 
larger than right; in some species right valve 
overlaps left along ventrum. Surface smooth 
or finely papillate; shell substance cloudy 
white in Recent forms. 

Hinge long, usually exceeding half of shell 
length; formed by a groove in one valve, 
more often the left, into which edge of op- 
posite valve fits. Inner lamellae broadest 
anteriorly; line of concrescence and inner 
margin apparently coincide only at position 
of marked anteroventral incurvature of valve 
edges. Marginal pore canals few, simple, 
widely spaced. Muscle scar typically con- 
sists of an anteromedian compact group of 
four or five rounded spots, together with a 
single more dorsal spot and two more an- 
terior spots. 

Genotype.—Cypris candida Miiller (1785). 

Range.—Permian?, Jurassic to Recent. A 
form described as Whipplella magnitata by 
Holland from the Permian Nineveh lime- 
stone of the Dunkard series of West Virginia 
was later assigned to Candona by Scott 
(1944). This species lacks the typical con- 
cave ventrum and the produced postventral 
marginal bend of Candona, and may be more 
closely related to Erpetocypris Brady and 
Norman (1889). 

Habitat—Modern forms occur in fresh 
water lakes, ponds, sloughs, and ditches, 
both permanent and temporary (Sars, 1928; 
Scott, 1944). They are creepers and bur- 
rowers rather than swimmers, and are found 
most abundantly in quiet water, although 
some species live in swift streams. 


CANDONA CACHENSIS Swain, n. sp. 
Plate 76, figures 7-10 


Shell elongate-subreniform in side view; 
highest in posterior third; dorsal margin 
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gently convex anterior to greatest height, 
slightly truncate posterior to this position. 
As seen from side, ventral margin forms a 
gentle sigmoidal curve beginning at antero- 
ventral marginal bend, with a marked con- 
cavity about one-third from anterior end, 


Anterior margin narrowly rounded, slightly | 


extended below; posterior margin more 
broadly rounded and extended below. Left 
valve very slightly larger than right, its 
margin overlapping and receiving edge of 
right. As viewed from above, line of com- 
missure of valves sinuate, that portion along 
hinge, comprising about 0.6 of shell length, 
gently curved toward left valve; greatest 
thickness just behind valve middle; anterior 
end with a slightly flattened border that is 
not apparent in side view; posterior end 
rather blunt. Surface apparently smooth, 
but recrystallization may have destroyed 
tiny ornamental details. 

Hinge of left valve consists of well de- 
fined deep groove for reception of edge of 
right valve; groove defined dorsally by edge 
of valve, ventrally by a ridge process that 
rises from interior valve surface. At antero- 
cardinal bend, edge of left valve elevated to 
form a flange that projects upon right valve; 
a similar elevation of valve edge occurs 
along truncated postdorsal slope. Along 
hinge in right valve, the simple margin is 
constricted to fit into groove of left; at ends 
of hinge margin are elevated flanges that 
project beneath corresponding flanges of left 
valve. 

Inner lamellae rather broad, particularly 
at anterior end; anteromidventrally, inner 
margin and line of concrescence coincide; 
posteriorly, lamellae slope steeply toward 
interior of valves. Muscle scar lies 0.4 of 
shell length from anterior end, in position 
dorsad of greatest concavity of ventral mar- 
gin; it consists of a small compact group of 
four spots, together with a more dorsally 
placed small accessory spot. Marginal pore 
canals not discernible in specimens, nor are 
normal canals visible on the interior of 
valves. 

Dimensions.—Length of holotype, a left 
valve, 1.38 mm., height 0.81 mm. 

Relationships.—In general shape and in 
the nature of its muscle scar, this species is 
nearly identical to the C. candida (Miiller) 
which has been found living in Europe, cen- 
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tral Asia, Siberia, and North America, and 
fossil in Pleistocene deposits of Europe 
(Sars, 1928, p. 73). As illustrated by Sars 
(1928, pl. XXII) and by Kaufmann (1900, 
pl. 27, figs. 10-13), C. candida lacks the well 
defined flange-like extensions of the valve 
edges along the anterior and posterior dorsal 
slopes, features that characterize C. cachen- 
sis. Because of these flanges, C. cachensis 
exhibits, in dorsal view, a sinuous line of 
commissure, but in C. candida the line of 
valve contact is nearly straight. The muscle 
scar of C. candida as illustrated by Sars and 
by Kaufmann consists of a compact group 
of five spots, with a more dorsally placed 
accessory spot, but in C. cachensis the main 
group seems to comprise only four spots. 
The hingement of C. candida apparently is 
simple, but it is not clearly understood by 
the writer. Judging from illustrations by 
Sars and by Kaufmann, the hinge groove of 
the left valve in C. candida perhaps is less 
strongly developed than in C. cachensis. 

Types.—Holotype, U.S.N.M. 559977; par- 
atypes, 559977a. 


CANDONA PARACAUDATA Swain, n. sp. 
Plate 76, figures 11-13 


Shell elongate-subovate to subreniform in 
side view; greatest height in posterior third; 
dorsal margin gently convex anterior to 
greatest height, slightly truncate posterior 
to this position; ventral margin incurved 
and slightly concave at midlength; anterior 
margin rounded, slightly extended below; 
posterior margin rounded above, subacumi- 
nate at its ventral bend. Left valve appreci- 
ably larger than right, overlapping and ex- 
tending markedly beyond the other except 
at anterior end. In dorsal view, line of com- 
missure of valves sinuous, with left valve 
projecting strongly upon right along dorsal 
slopes; anterior end with a narrow, slightly 
flattened border; posterior end more blunt; 
greatest thickness about median. Surface 
smooth. 

Hinge of left valve consists of a well de- 
fined groove, about 0.7 of shell length, into 
which is received hinge edge of right valve; 
groove defined dorsally by edge of valve, 
ventrally by a ridge process rising from in- 
terior valve surface. Edge of left valve 
produced to form flanges that project upon 
right valve along posterior end and along 


dorsal third of anterior end. Hinge edge of 
right valve narrowed to fit into left valve 
groove; posteriorly, edge of valve strongly 
produced as a flange that is overlapped by 
corresponding flange-like projection of right 
valve. 

Inner lamellae fairly broad anteriorly and 
slope gently toward valve interior; ventrally 
and posteriorly, surfaces of lamellae much 
steeper, so that line of concrescence and 
inner margin nearly coincide. Muscle scar 
not clearly seen; it lies about 0.4 of shell 
length from anterior end and apparently 
consists of four or five small spots arranged 
in a group, together with one or more ac- 
cessory spots occupying a position dorsad of 
the main group. Pore canals not observed. 

Dimensions.—Length of holotype, 1.18 
mm., height 0.67 mm. 

Relationships——The sharply angulated 
postventral marginal bend of this species is 
similar to that of the living fresh-water 
forms C. caudata Kaufmann and C. devexa 
Kaufmann. As compared to C. caudata, the 
new species is less elongate and has the post- 
ventral marginal bend less extended. C. de- 
vexa is less elongate and has a less sharply 
rounded postventral marginal bend. 

Types.—Holotype, U.S.N.M. 559978; par- 
atypes, 559978a. 


Canpona cf. C. comprEssA (Koch) 
Plate 76, figure 3-6 
— compressa Koch 1841, Deutschlands 
rustaceen, Myripocen und Arachnider. 


Candona compressa, Kaufmann, 1900, Revue 
Suisse de Zoologie, Ann. Soc. Zool. Suisse, vol. 
8. 


Shell ovate-subreniform in side view; 
greatest height about one-third from pos- 
terior end; dorsal margin moderately convex 
antrad of greatest height, slightly truncate 
behind this position; ventral margin slightly 
concave at midlength; anterior margin 
rounded; posterior margin slightly truncate. 
Left valve appreciably larger than right, 
overlapping the other around entire periph- 
ery. Viewed from above, line of commissure 
along dorsum sinuous owing to projection of 
flanges of left valve upon right along dorsal 
slopes; greatest thickness about median; 
anterior end not noticeably compressed to 
form a marginal rim as in preceding two 
species; posterior end the more blunt. Sur- 
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face apparently smooth; in calcified speci- 
mens, recrystallization may have destroyed 
tiny ornamental details. 

Hinge of left valve consists of a narrow 
groove for reception of hinge edge of right; 
it is about 0.6 of shell length and is bounded 
dorsally by edge of valve, ventrally by a 
ridge process that rises from interior valve 
surface. Beyond ends of hinge along dorsal 
marginal slopes are well defined flanges that 
project upon right valve; anterior flange not 
reaching to midheight, posterior one reach- 
ing well below midheight. Hinge-edge of 
right valve narrowed to fit into groove of 
left; short flanges that fit beneath corre- 
sponding flanges of left valve occur along 
dorsal slopes of right. 

Inner lamellae moderately broad; line of 
concrescence and inner margin coincide 
ventrally; lamellae slope gently toward 
valve interior terminally. Muscle scar con- 
sists of a small group of spots lying antrad of 
valve middle but details cannot be ascer- 
tained. 

Dimensions.—Length of figured speci- 
men, a left valve, 1.27 mm., height 0.67 mm. 

Remarks.—The Salt Lake form cannot be 
distinguished, on the basis of present knowl- 
edge, from C. compressa (Koch), which oc- 
curs living in Europe, and as fossils in 
Pleistocene deposits of Scotland (Sars, 
1928; Brady, Crosskey and Robertson, 
1874). As illustrated by these authors and 
by Kaufmann (1900), C. compressa has the 
same flangelike extensions of the left valve 
upon the right as do specimens from the Salt 
Lake formation. 

Figured specimen.—U.S.N.M. 559979. 


CANDONA SUBTRIANGULARIS 
Swain, n. sp. 
Plate 76, figures 1, 2 


Shell elongate-subtriangular in lateral 
aspect; greatest height about three-fifths 
from anterior end; dorsal margin strongly 
arched; ventral margin sinuate, concave 
about two-fifths from anterior end; anterior 
margin rather narrowly rounded, extended 
below; posterior margin sharply rounded, 
extended below. Left valve larger than right, 
overlapping it. Surface smooth. 

Hinge surface curved, about 0.6 of shell 
length; hinge of left valve consists of a 
groove for reception of hinge margin of right. 
Inner lamellae fairly broad; line of con- 
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crescence and inner margin separate except 
at position of anteromedian ventral incurva- 
ture of valve edge where they coincide for a 
short distance. Muscle scar not observed 
owing to conditions of preservation. 

Dimensions.—Length of holotype, a right 
valve, 0.94 mm., height 0.48 mm. 

Relationships——This species is smaller 
than the other candonids in‘the collection, 
and, in addition, it lacks the termino-dorsal 
marginal flanges that characterize other 
Salt Lake forms herein referred to Candona. 
The small size of holotype and paratype 
suggests that they may be immature speci- 
mens, but search through the collection re- 
vealed no larger ones. 

Types.—Holotype. U.S.N.M. 559980; par- 
atype, 559980a. 


Genus TUBEROCYPRIS Swain, n. gen. 


Shell in side view subovate to subreni- 
form; dorsal margin nearly straight to 
moderately convex; ventral margin sinuous, 
concave medially; anterior margin rounded, 
tending to be subtruncate above; posterior 
margin narrowly rounded, extended below, 
in some species sharply acuminate at its 
postventral bend. Left valve larger than 
right. Exterior valve surface bears a rounded 
or dorsoventrally elongate median or antero- 
median swelling; on interior valve surface 
swelling represented by a depression that 
contains muscle scar. 

Hinge of left valve consists of a long 
gently curved to nearly straight groove that 
is defined dorsally by edge of valve and 
ventrally by a ridge process that rises from 
interior valve surface; beyond ends of hinge, 
along dorsal slopes, edge of valve produced 
to form flanges that project upon right 
valve; anterior flange short, terminating 
dorsad of midhight; posterior flange about 
twice as long, terminating ventrad of mid- 
height. Hinge margin of right valve nar- 
rowed to fit into groove of left; dorsally in 
this valve, a weak furrow parallels hinge 
margin. 

Inner lamellae fairly broad; inner margin 
and line of concrescence coincide ventrally; 
anteriorly lamellae slope gently toward inte- 
rior of valve; this slope is much steeper 
posteriorly with the result that line of con- 
crescence and inner margin nearly coincide. 
Marginal pore canals simple and widely 
spaced. Muscle scar consists of five or more 
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small spots arranged in a more or less hook- 
shaped pattern that is open dorsally. 

Genotype. — Tuberocypris acuminatus 
Swain, n. sp. 

Relationships.—-The general shape and 
simple hingement of the new genus clearly 
ally it to the Cypridae. These features in 
combination with the median exterior 
swelling and the hook-shaped muscle pat- 
tern distinguish it from other members of 
the family known to the author. In the 
ventral extension of its posterior margin, 
the genotype, 7. acuminatus, n. sp., is some- 
what like Macrocypris Brady (1866), but in 
the latter the right valve typically overlaps 
the left. T. acuminatus is also close in shape 
to Candona caudata Kaufmann (1900) and 
to the species newly described here as C. 
paracaudata. Similarly, the other two species 
here placed in Tuberocypris resemble certain 
species of Candona, and it seems plausible 
that the new genus rose from some candonid 
ancestor. 

Occurrence—Tuberocypris is known only 
from the later Tertiary Salt Lake formation 
of Utah. 


TUBEROCYPRIS ACUMINATUS Swain, n. sp. 
Plate 77, figures 1-8 


Shell subreniform in side’ view; highest 
near midcarapace; dorsa! margin as a whole 
strongly arched, midportion nearly straight, 
dorsal slopes somewhat truncate; ventral 
margin sinuate, concave medially; anterior 
margin rounded, extended below; posterior 
margin produced below and rather sharply 
angulated at its ventral bend, in some speci- 
mens acuminate at this position. Left valve 
larger than right, overlapping it around 
entire periphery. Surface of each valve bears 
a rounded median swelling highest in its 
posterior part; in some specimens posterior 
part of swelling projects well above general 
surface as a curved ridge or a blunt node; in 
two specimens only the node is present, the 
anterior portion of the swelling being 
scarcely developed; within median swelling 
is a small depression that marks position of 
muscle scar; swollen area represented in- 
teriorly by a depression with enclosed eleva- 
tion bearing muscle scar. Surface smooth. 

Certain specimens are more convex in the 
posterior portion than is the holotype. Pos- 
sibly these are females; the holotype and re- 
lated less conve*<specimensare possibly males. 


Hinge of left valve consists of a narrow 
groove defined dorsally by edge of valve and 
ventrally by a weak ridge process rising 
from interior valve surface. Along anterior 
dorsal slope, margin of left valve expanded 
as a short flange that projects upon right 
valve; posteriorly, valve margin similarly 
expanded nearly to ventral marginal bend. 
Hinge margin of right valve narrowed to 
fit into groove of left; dorsally, margin is 
defined by an indistinct narrow furrow. 

Inner lamellae moderately broad; inner 
margin and line of concrescence coincide 
ventrally; lamellae slope gently toward 
interior anteriorly; posteriorly, their slope is 
much steeper. Marginal pore canals simple, 
widely spaced. Details of muscle scar not 
clearly seen but it apparently consists of a 
curved, rudely hook-shaped row of five or 
more small spots, the pattern being open in a 
post dorsal position. 

Dimensions.—Length of holotype, a left 
valve, 1.08 mm., height 0.57 mm. 

Relationships.—This species differs from 
others assigned to Tuberocypris by its ex- 
tended and acuminate postventral marginal 
bend. 

Types.—Holotype, U.S.N.M. 559981; par- 
atypes, 559981a. 


TUBEROCYPRIS QUADRALIS Swain, n. sp. 
Plate 77, figures 12-17 


Shell subquadrate in side view; greatest 
height in anterior third; dorsal margin 
nearly straight; ventral margin nearly 
straight to slightly concave where valve 
edges are medially inturned; anterior margin 
rather broadly rounded, extended below, 
subtruncate above; posterior margin more 
narrowly rounded than the other, extended 
below, truncate above. Left valve larger 
than right, overlapping it around entire pe- 
riphery. Surface of each valve bears a promi- 
nent median swelling that, posteriorly in 
some specimens, is strongly elevated to form 
a curved ridge; middle portion of swollen 
area depressed and pellucid, marking position 
of muscle scar which may be visible from ex- 
terior; on interior of valves external swelling 
represented by depressed areas with medial 
elevations that bear muscle scar. General 
shell surface minutely puncate. 

Hinge of left valve consists of a narrow 
furrow, about 0.6 of shell length; it is de- 
fined dorsally by edge of valve, ventrally by 
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a narrow ridge process that rises from in- 
terior valve surface. Anterodorsally edge 
of left valve expanded to form a flange 
that extends upon right valve; posteriorly 
edge of valve similarly expanded nearly to 
ventral marginal bend. Hinge edge of right 
valve compressed to fit into groove of left. 

Inner lamellae fairly broad; line of con- 
crescence and inner margin coincide mid- 
ventrally; lamellae slope rather steeply 
toward interior of valve terminally. Because 
of preservation nature of pore canals could 
not be observed. 

Muscle scar consists of a curved, more or 
less hook-shaped row of five or more small 
spots, open dorsally, and occupving a 
slightly anteromedian position. 

Dimensions.—The holotype, a left valve, 
measures length 0.90 mm., height 0.51 mm. 

Relationships.—The subquadrate form of 
this species serves to distinguish it from 
other members of Tuberocypris. 

Types.—Holotype, U.S.N.M. 559982; par- 
atypes, 559982a. 


TUBEROCYPRIS OVALIS Swain, n. sp. 
Plate 77, figures 9-11 


Shell subovate-reniform in side view; 
greatest height about 0.4 of length from pos- 
terior end; dorsal margin moderately 
arched; ventral margin slightly sinuate, con- 
cave medially; anterior margin the more 
narrowly rounded, extended below; pos- 
terior margin extended below, slightly 
angulated at its ventral bend. Left valve 
only a little larger than right and overlap- 
ping it. Surface of each valve bears a dorso- 


ventrally elongated ridgelike swelling that 
lies just posterior to midlength; in some 
specimens, particularly in immature molts, 
median swelling extends ventrally nearly to 
that margin, where it terminates abruptly 
well above surface of valve. Surface other- 
wise smooth. 

Hinge of left valve consists of a groove 
that is defined dorsally by edge of valve and 
ventrally by a narrow ridge process rising 
from interior valve surface; along antero- 
dorsal marginal slope edge of valve ex- 
panded as a short flange that projects upon 
right valve; posteriorly, a similar flange, 
formed of valve edge, extends below mid- 
height. Hinge margin of right valve com- 
pressed to fit into groove of left. 

Inner lamellae rather narrow; valve edges 
sharply inturned and lamellae slope steeply 
toward valve interior midventrally, but line 
of concrescence and inner margin are sepa- 
rate; terminally surfaces of lamellae lie 
nearly in plane of valve margins. Muscle scar 
and pore canals not observed owing to con- 
ditions of preservation. 

Dimensions.—The holotype, a right valve, 
measures length, 1.19 mm., height 0.65 mm. 

Relationships.—This species is similar to 
other members of Tuberocypris in the nature 
of its hinge and exterior median swelling, 
but the inner lamellae are narrower than 
typical for the genus, and midventrally are 
not laid flat against the inner valve surfaces. 
In addition, the muscle scar pattern of T. 
ovalis has not been determined so that its 
assignment to Tuberocypris is somewhat 
tentative. 





EXPLANATION OF PLATE 76 


Fics. 1, 2—Candona subtriangularis Swain, n. sp. 1, Interior of holotype, a right valve. 2, Exterior of 
paratype, a fractured right valve. X34. (USNM 559980) (p. 522) 
3-6—Candona cf. C. compressa (Koch). 3, 4, Exterior and interior views of two left valves. 5, 6, 
Exterior and interior views of two immature right valves. X34 (USNM 559979) (p. 521) 


7-—10—Candona cachensts Swain, n. sp. 7, 9, 


Views of two paratypes, a left valve and a right 


valve. 8, Interior of holotype, a left valve. 10, Dorsal view of a complete paratype. X34. 


(USNM 559977) 


(p. 520) 


11-13—Candona paracaudata Swain, n. sp. 11, Right side of a complete paratype. 12, Interior 
of a right valve paratype. 13, Interior of holotype, a left valve. X34. (USNM 559978) 


(p. 521) 


14-16—Candona sp. aff. Cypris pubera O. F. Muller. Specimens from Recent deposits, Lake 
St. John, Colorado, illustrated to show general similarity in outline, hingement, and 
character of inner lamellae to other species of Candona here described. Left valves possess 
a strongly expanded posterior flange giving this end its angulate outline. 14, Exterior of a 
left valve. 15, 16, Interior views of right and left valves. X34 (p. 520) 
17-20—Cypridopsis saltlakensts Swain, n. sp. 17, Right valve view of a complete paratype, be- 
fore valves were separated in an unsuccessful search for muscle scar. 18, 19, Interiors of left 
and right valve paratypes. 20, Right valve view of holotype whose surface is considerably 


recrystallized. X34. (USNM 559976) 


(p. 519) 
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Types.—Holotype, U.S.N.M. 559983; par- 
atype, 559983a. 


Genus TUBEROCYPROIDES Swain, n. gen. 


Shell elongate-acuminate in side view; 
dorsal margin nearly straight; ventral mar- 
gin sinuate, concave medially; anterior 
margin broadly rounded, extended below, 
subtruncate above; posterior margin 
strongly extended and acuminate at its 
ventral bend. Left valve larger than right. 
Surface of exterior of valves strongly orna- 
mented with raised ridges in ventral half. 

Hinge of left valve consists of a groove for 
reception of hinge margin of right; groove 
bounded dorsally by edge of valve, ventrally 
by a ridge-process that rises from interior 
valve surface. Inner lamellae broadest an- 
teriorly. Nature of muscle scar not known. 

Genotype.—Tuberocyproides  dipleura 
Swain, n. sp. 

Relationships.—The general similarity in 
shape and in hingement between Tubero- 
cyproides and Tuberocypris acuminatus, 
n. sp., except for the more extended post- 
ventral marginal bend of the former, 
suggest an ancestral relationship between 
them. Paracypris Sars, a marine ostracode 


ranging from Lower Mesozoic to Recent, 
also has the posterior margin much extended 
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ventrally, but lacks the strong surface orna- 
mentation of the genus under discussion. 
Acanthoscapha Ulrich and Bassler, found in 
Lower Devonian marine deposits, has the 
postventral portion extended as a long spine, 
and the contact margin of its valves along 
the postdorsal portion is deeply recessed, 
thus differing in important respects from 
Tuberocyproides. 

Occurrence——The new genus is known 
only from the late Tertiary Salt Lake for- 
mation of Utah. 


TUBEROCYPROIDES DIPLEURA 
Swain, n. sp. 
Plate 77, figures 18-21 


Description of holotype, a left valve, is as 
follows: Outline in side view subreniform— 
acuminate; greatest height 0.3 of shell 
length from anterior end; dorsal margin 
nearly straight, about 0.5 of shell length; 
ventral margin sinuate, concave medially 
where edge of valve is turned inward; an- 
terior margin broadly rounded, extended 
below, truncate above; posterior margin 
strongly extended, almost spinelike at its 
ventral bend; dorsad of spinelike extension, 
margin of valve gently concave. Anterior 
end provided with a broad, low marginal 
rim. Surface bears two oblique, elevated 





EXPLANATION OF PLATE 77 


Fics. 1-8—Tuberocypris acuminatus Swain, n. gen. n. sp. 1, 2, External and internal views of a para- 
type right valve. 3, 6, Exterior and ventral views of holotype, a right valve, possibly a male 
dimorph. 5, Ventral view of a paratype right valve, possibly a female dimorph. 4, Exterior 
of a left valve paratype. 7, 8, Exterior views of two immature left valves questionably as- 
signed to this species; in 7, posterior part of median swelling expanded to form a blunt 


spine. X34. (USNM 559981) 
9-11—Tuberocy. 
valve. 11, 


(p. 523) 


is ovalis Swain, n. sp. 9, 10. Exterior and ventral views of holotype, a right 
immature molt believed to belong to the species, and in which postmedian 
elongate swelling is strongly elevated. X34. (USNM 559983) 


(p. 524) 


12-17—Tuberocypris quadralis Swain, n. sp. 12, 17, Exterior and ventral views of holotype, a 
left valve, in which median swelling lies slightly antrad of midlength. 13, Exterior view of a 
left valve paratype. 14, Exterior view of a large left valve, questionably referred to this 
species. 15, 16, Interior views of two paratype left valves that differ in length-height rela- 
tionships; possibly male and female dimorphs respectively. X34. (USNM 559982 (p. 523) 

18-21—Tuberocyproides dipleura Swain, n. gen. n. sp. 18-20, Exterior, interior, and ventral 
views of holotype, a left valve. 21, Interior view of an immature molt believed to belong to 


species. X34. (USNM 559984) 


(p. 525) 


22-26—Limnicythere? unicornis Swain, n. sp. 22, Exterior of holotype, a left valve. 23, 24, Ex- 
terior views of two paratype right valves; 24 is characteristic of a group of more elongate 
and larger dimorphs, possibly females. 25, Interior of a paratype right valve. 26, Ventral 


view of a complete paratype. X44. (USNM 559985) 


(p. 526) 


27-29—Limnicythere? dtbolba Swain, n. sp. Exterior, interior, and ventral views of holotye, a 


left valve. X52. (USNM 559987) 


(p. 528) 


30-33—Limnicythere? williamsi Swain, n. sp. 30, Exterior of holotype, a right valve. 31, Exterior 
of a paratype left valve. 32, Exterior of a small paratype right valve. 33, dorsal view of a 
ratype right valve in which hinge surface is slightly broken near its anterior termination, 


alsely suggesting presence of a socket at that position. X43. (USNM 559986) 


(p. 527) 
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ridges beginning in a slightly swollen area 
near middle of valve and diverging ventrally 
in direction of termino-ventral extremities; 
both ridges terminate abruptly before reach- 
ing ventral margin, each is somewhat bul- 
bously expanded at its termination. Be- 
tween ridges, on ventral slope of valve, lies 
a strongly elevated knob. Medially, a small 
depression appears to mark position of 
muscle scar, but this feature has not been 
observed clearly. Entire surface studded 
with coarse scattered pustules. 

Hinge of left valve consists of a narrow 
groove that is defined dorsally by edge of 
valve and ventrally by a ridge process rising 
from interior valve surface; along antero- 
dorsal slope edge of valve expanded as a 
short flange that terminates above mid- 
height and presumably extends upon right 
valve as a feature of overlap; postdorsal 
edge of valve similarly expanded to a posi- 
tion ventrad of midheight. 

Inner lamellae of left valve broad and 
sloping gently toward valve interior, except 
midventrally where line of concrescence 
and inner margin coincide. Muscle scar not 
clearly observed owing to conditions of 
preservation. 

Dimensions.—Length of holotype 1.32 
mm., height 0.73 mm. 

Relationships——In a _ single immature 
right valve, the only other specimen of the 
species known, the striking ridges and sub- 
median node are only weakly developed, and 
this specimen rather closely resembles a 
kind of Tuberocypris acuminatus with the 
posterior end even more strongly extended 
and the dorsal margin longer and straighter 
than is typical of that species. It seems 
plausible that Tuberocyproides dipleura and 
Tuberocypris acuminatus had a common 
ancestral form. 

Types.—Holotype, U.S.N.M. 559984; par- 
atype, 559984a. 


Genus LIMNICYTHERF Brady, 1868 


Shell elongate in side view, generally el- 
liptical to subquadrate; greatest height in 
anterior third; dorsal margin nearly straight 
to slightly convex; ventral margin nearly 
straight to sinuous, more or less concave 
medially, owing to the inturning of the valve 
edges at this position; anterior margin the 
more broadly rounded, subtruncate above; 
posterior margin rather uniformly rounded. 
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Valves nearly equal in size, the left slightly 
larger. Surface variously ornamented with 
nodes, spines, ridges, and pits; some species 
bear anteromarginal rims. 

Hinge simple or with weakly developed 
terminal teeth in right valve and corre- 
sponding sockets in left valve. Musculature 
and other internal features of the more 
typical members of the genus not clearly 
known to the writer. 

Genotype.—Limnicythere inopinata (Baird). 

Habitat.—Fresh water lakes and slowly 
moving streams. 

Range.—Tertiary (?), 
Recent. 

Relationships.—Species that have been as- 
signed to this genus vary widely in surface 
ornamentation and shape, particularly as to 
the relative convergence toward the poste- 
rior of the dorsal and ventral margins. Dif- 
ferences in the nature of the antennae of the 
living animal, as well as shell characters have 
been used to differentiate species. Some of 
the forms, as for example, L. monstrifica 
(Norman), are very close to the marine genus 
Cythereis and perhaps should be separated 
as a distinct genus. It is to the group of L. 
monstrifica that the forms here referred to 
Limnicythere apparently belong. One of 
them, L.? dibolba, n. sp. is strongly alate and 
seems close to Pterygocythereis Blake (1933), 
which at present is considered to be a sub- 
genus of Cytherets. 


Pleistocene, and 


LIMNICYTHERE? UNICORNIS Swain, n. sp. 
Plate 77, figures 22-26 


Shellelongate-subquadrate; greatest height 
about one-fourth from anterior end; dor- 
sal margin long and straight, about two- 
thirds length of valve; ventral margin 
sinuate, concave medially where margins of 
valves are sharply inturned; anterior margin 
broadly rounded, extended below, truncate 
above; posterior margin more narrowly 
rounded, extended above and slightly trun- 
cate dorsally. Left valve a little larger than 
right, overlapping it. Free margins, except 
short midventral and postdorsal portions, 
provided with a high, narrow rim bounded 
on its inner side by a deep furrow. Anterior 
three-fifths to two-thirds of ventral surface 
of each valve expanded to form a subalate 
swelling that terminates behind in a pos- 
teriorly and outwardly directed spine. Pos- 
terior to spine, postventral surface de- 
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pressed, and in elongate dimorphs that are 
questionably females, postdorsal fourth of 
valve bears a low swelling. Surface other- 
wise smooth in holotype, a short dimorph 
that is perhaps a male; several other ex- 
amples bear shallow, broad, anterodorsal 
oblique sulci, and one or more low nodes 
upon dorsomedian surface. 

Hinge of left valve consists of terminal, 
small, oblique sockets, the intervening hinge 
margin narrowed above, indistinctly rab- 
betted below where it receives and slightly 
overlaps edge of right. Hinge of right valve 
consists of terminal, small, and indistinct 
teeth, the intervening hinge margin nar- 
rowed below and slightly rabbetted above. 

Inner lamellae moderately broad; line of 
concrescence and inner margin coincide 
ventromedially where valve edges are turned 
sharply inward; elsewhere lamellae slope 
gently toward valve interior. Owing to re- 
crystallization of shell material, nature of 
pore canals were not observed. 


Muscle scar consists of a vertical row of - 


four closely spaced spots located at mid- 
length, accessory spots were not noted. 

Dimensions.—Length of holotype, a left 
valve, 0.56 mm., height 0.32 mm. 

Relationships.—The general form of this 
species, together with the character of its 
musculature and hingement, clearly ally it 
to the Cytheridae. Its alation and smooth 
surface are closely similar to immature 
molts of some members of Cythereis, but it 
lacks the typical median node, the surface 
pits and fine ridges, the elevated antero- 
cardinal angle, and the compressed pos- 
terior end of the more common species of 
that genus. The shape and prominent pos- 
teriorly directed surface spines resemble 
those of Monoceratina Roth, but the latter 
has a simpler hinge, and, in addition, bears a 
postdorsal compressed caudal process. Al- 
though its position is uncertain, the new 
species conforms in its general shape, hinge- 
ment, and ornamentation to characters out- 
lined for Limnicythere, and is tentatively 
referred to that genus. 

Types.—Holotype, U.S.N.M. 559985; par- 
atypes, 559985a. 


LIMNICYTHERE? WILLIAMSI 
Swain, n. sp. 
Plate 77, figures 30-33 


Shell subquadrate in side view; greatest 


height near anterior end; dorsal margin 
nearly straight, about 0.7 of shell length; 
ventral margin sinuous, concave postmedi- 
ally where margin is turned sharply inward 
and converging posteriorly with respect to 
dorsum; anterior margin broadly and nearly 
uniformly rounded; posterior margin more 
narrowly rounded, slightly extended above; 
anterior cardinal angle more obtuse than 
posterior. Left valve slightly larger than 
right. Free margins, except post-midven- 
trally where valve edges are turned inward, 
provided with a narrow, knife-edged margi- 
nal rim that is bounded inside by a well de- 
fined furrow. Ventral surfaces of valves 
expanded with short oblique alae postven- 
trally; dorsad of each ala is a large rounded 
node; dorsomedian and anterodorsal sur- 
faces bear several additional small nodes, 
the most constant and prominent of which 
lies anterior to midlength, and is defined on 
either side by shallow oblique sulci; posterior 
sulcus nearly median in position and extend- 
ing ventrally to below midhcight. Entire 
surface of each valve coarsely pitted. 

Hinge of right valve consists of terminal, 
very small, oblique teeth, the intervening 
hinge margin beveled above; hinge of left 
valve formed of small terminal sockets, the 
intervening valve edge beveled below to 
overlap corresponding surface of right valve. 
Median sulcus represented on interior sur- 
face by a sinuous ridge that bears muscle 
scar on its more ventral part. Exact details 
of scar could not be determined, but it ap- 
pears to consist of three or more small 
closely spaced spots forming a vertical row; 
visible spots elongate with respect to shell 
length. 

Inner lamellae fairly broad, their surfaces 
sloping toward interior of valves; line of 
concrescence and inner margin separate ex- 
cept midventrally. 

Dimensions.—The holotype, a right valve, 
measures: length, 0.56 mm., height 0.38 mm. 

Relationships—The remarks made in the 
discussion of the preceding species concern- 
ing the relationships of the genus Cytherets 
and forms here referred to Limnicythere are 
applicable also to this species. It is some- 
what like L. sancti-patricit Brady and L. 
monstrifica (Norman), but differs in the de- 
tails of its surface ornamentation, and par- 
ticularly in the presence of the short ventral 
alae. 
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Types.—Holotype, U.S.N.M. 559986; par- 
atypes, 559986a. 


LIMNICYTHERE? DIBOLBA 
Swain, n. sp. 
Plate 77, figures 27-29 

Description of holotype, a complete left 
valve, is as follows: 

Outline in side view elongate-subquad- 
rate; greatest height about one-fifth from 
anterior end; hinge margin nearly straight, 
about 0.6 of shell length; ventral margin 
nearly straight, but slightly incurved and 
concave midventrally, converging pos- 
teriorly with respect to dorsum; anterior 
margin broadly rounded, extended medially 
and truncate above; posterior margin nar- 
rowly rounded, extended below, truncate 
above. Ventral half of surface of left valve 
strongly expanded, alate, resulting in a flat, 
subtriangular ventrum; expanded surface 
bears two submedian nodes, of which the 
posterior is the larger and more elevated. 
A shallow but well defined vertical median 
sulcus begins at dorsal margin and extends 
ventrally to crest of alate swelling. Anterior 
end provided with an indistinct marginal 
rim. Surface otherwise smooth. 

Hinge of left valve consists of terminal, 
very small, obscure sockets, separated by 
the somewhat narrowed valve edge. Inner 
lamella of left valve rather broad, but its 
exact nature could not be observed owing to 
recrystallization and matrix. Muscle scar 
not seen. 

Dimensions.—Length of holotype 0.54 
mm., height 0.30 mm. 

Relationshtps.—Among ventrally alate 
ostracode genera, this species differs from 
Cytheropteron Sars in its less complex hinge, 
its straight dorsum, and its lack of a pos- 
terior caudal extension; as compared to 
Paracytheridea Miiller, which it closely re- 
sembles in general outline and in possession 
of a median sulcus, its terminal hinge areas 
are not crenulate and the straight portion of 
the hinge is not denticulate; Pterygocytherets 
Blake is similar in outline and hingement, 
but lacks a median sulcus; the hingement of 
Monoceratina Roth is of the simple ridge and 
groove type. Because its lateral outline and 
hingement are similar to features that 
characterize the other two species here 
tentatively referred to Limnicythere, this 
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species also is questionably assigned to that 


genus. 
Holotype.—U.S.N.M. 559987. 
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ABSTRACT—Two new genera, and thirteen new species of arenaceous Foraminifera 


are described from the Middle Devonian Bone 


eds of Ohio. They are classified 


into two subfamilies, i.e., Psammosphaerinae and Webbinellinae of the family 
Saccamminidae. Three of the species occur in the First Bone Bed, nine in the Second, 


and one in the Third. 





INCE THE discovery by A. O. Thomas in 

1920 of undoubted Foraminifera in the 
Upper Devonian Lime Creek (Hackberry) 
shales of Iowa the search for Devonian 
Foraminifera in North America has con- 
tinued with results not too fruitful, but at 
least encouraging. The surprising fact is that 
so few species have been recognized, since 
the Silurian is yielding an ever increasing 
number of new forms. So far as we are 
aware only 15 species have been previously 
reported, all of them arenaceous. 

These species and their distribution are as 
follows: one species, Endothyra gallowayi, 
first reported by A. O. Thomas in 1920, but 
not published until 1931 (posthumously), 
from the Upper Devonian Lime Creek 
(Hackberry) shales of Iowa; two species, 
Semitextularia thomast and Lituotuba dubia, 
described and published in 1933 by A. K. 
Miller and A. M. Carmer, from near the 
middle of the Cerro Gordo member of the 
Hackberry of Iowa; one species, Webbinella 
quadripartita described in 1933 by W. L. 
Moreman from the Haragan Marl, Lower 
Devonian of southern Oklahoma; eleven 
species, Bathysiphon curvus, B. diminutionis, 
B. parallelus, B. rugosus, Psammosphaera 
exerpta, Psammophax bipartita, Sorosphaera 
tricella, Stegnammina elongata, Ceratam- 
mina cornucopia, Webbinella bipartita, and 
Psammonyx maxwelli, described in 1939 by 
H. A. Ireland from the Haragan shales, 
lower Devonian of southern Oklahoma. Six 
of Ireland’s species were described as new, 
five of which were found to be restricted to 
the Devonian and were considered to be 
good index markers for that horizon. The 
five species are Psammophax bipartita, 
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Stegnammina elongata, Ceratammina cornu- 
copia, Webbinella bipartita, and Psammonyx 
maxwelli. The others were found to extend 
down into the Chimney Hill (Alexandrian) 
of the Silurian. 

In addition to the foregoing described 
species there are a few references of a general 
character to Devonian Foraminifera in 
North America. In 1924, Carrol Lane Fen- 
ton and Mildred Adams Fenton reported 
“many species of Protozoa” in the Hack- 
berry faunas of north-central Iowa, but they 
did not describe them. In 1932, Croneis, 
Dunn, and Hunter mentioned the occur- 
rence of Foraminifera in the Bailey forma- 
tion (Helderbergian) Lower Devonian of 
southeastern Missouri, reporting the as- 
semblage as not too diversified, but abun- 
dant. No subsequent elaboration of the 
fauna has been made. They also reported 
the Little Saline (Oriskany) Lower Devonian, 
as containing rare and fragmentary speci- 
mens. 

The purpose of this paper is to present 
thirteen new species of Foraminifera from 
the middle Devonian Bone Beds of Ohio, the 
first authentic Foraminifera so far as we 
know to be reported from the Devonian in 
this State. It is the third of a series dealing 
with the stratigraphic and micropaleon- 
tological aspects of these strata. The over- 
all study is being conducted by Dr. John W. 
Wells, who is the author of the first two 
papers, one concerned with the stratigraphy, 
paleoecology, lithology, and origin of the 
beds; the second with their fish remains. 
Succeeding papers on other micro organ- 
isms are planned. 

We are indebted to Dr. Wells for the op- 
portunity to participate in this general 
study. The material was collected by Dr. 
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Wells, and the initial preparation for study 
was made by him. Samples were digested in 
a weak solution of acetic acid, thereby re- 
moving calcareous material and freeing a 
rich micro fauna of fish remains, conodonts, 
limonized ostracodes, sponge spicules, and 
arenaceous Foraminifera. 

Four thin bone bed zones have been 
recognized in the middle Devonian lime- 
stones of central Ohio, and a fifth occurs in 
the Bellefontaine outlier of Logan County. 
The central Ohio beds are numbered in 
stratigraphic order from oldest to youngest, 
the First and Second occurring in the 
Columbus formation, and the Third and 
Fourth in the Delaware formation. The 
bone bed in the Bellefontaine region is in the 
Columbus formation and has been given the 
name East Liberty Bone Bed. It is strati- 
graphically lower in the formation than the 
First Bone Bed in the central part of the 
State. 

Samples of material from the First, 
Second, and Third Bone Beds have yielded 
foraminiferal remains. Specimens are not 
numerous, and much of the material is en- 
tirely too fragmentary to permit positive 
specific identification. Several species are 
based on only one specimen, but in each 
case the features seem to be sufficiently out- 
standing to justify separate recognition. 

The extremely limited diversification dis- 
played in this fauna is striking. The thirteen 
species here described are classified in two 
sub families of the Saccamminidae, i.e. 
Psammosphaerinae and Webbinellinae. No 
specimens of the more primitive Astro- 
rhizidae and Rhizamminidae have been recog 
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nized. Five genera are represented, of which 
two, Sorosphaeroidea and Webbinellotdea, are 
described as new. 

The species recognized and their distri- 
bution in the Bone Beds are as shown in the 
table below. 

Foraminifera are restricted largely to the 
Second Bone Bed, and no species is recog- 
nized in more than one bed. This limited 
stratigraphic distribution, however, may be 
only apparent because so much fragmentary 
material remains unidentified. 

The drawings for the plates were made by 
the junior author. Much care has been taken 
in attempting to show the actual arrange- 
ment and outlines of the sand grains making 
up the agglutinated tests. The figures dem- 
onstrate very clearly that these are not tiny 
sand grains of indiscriminate outline, but 
well developed quartz crystals fitted closely 
together to form a solid, compact test. There 
seems no doubt that they are the result of 
secondary crystallization which occurred 
long after the tests were buried. A study 
with the polarizing microscope has not been 
made, so the original outlines of the sand 
grains have not been determined. 

The crystal units are in general trans- 
lucent, larger in some of the tests than in 
others, and are oriented with the long axis 
at right angles to the surface of the test. 
They taper at both ends and appear as 
polygons in median view. The tests vary in 
the degree of smoothness of the surface. 
This inequality of smoothness appears to 
result from the varying heights of the 
crystal terminals above the contact with 
adjoining crystals. For example,:in Web- 
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Psammosphaera delicatula n. sp. 
Psammosphaera devonica n. sp. 
Psammosphaera discoidea n. sp. 
Psammosphaera rotunda n. sp. 
Sorosphaera columbiense n. sp. 
Sorosphaera bicelloidea n. sp. 
Sorosphaeroidea polygonia n. sp. 
Tholosina? circuiaris n. sp. 
Tholosina? ovoidea n. sp. 
Webbinelloidea hemispherica n. sp. 
Webbinelloidea similis n. sp. 
Webbinelloidea sola n. sp. 
Webbinelloidea trilocularis n. sp. 
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binelloidea hemispherica (Plate 79, figs. 1a 
and 1b), the pyramids project well beyond 
the general contour of the test, and appear 
simpler and more perfectly formed than is 
general in most of the species. Possibly the 
simple character of these crystals is the re- 
sult of less secondary growth, 

In many instances the facets of the crys- 
tals have an irregular pattern, probably be- 
cause of solution or minute fracturing. This 
is illustrated in Sorosphaera columbiense 
(Plate 78, fig. 5c). 

Wherever the honey-comb-like arrange- 
ment of the crystal units of the test has been 
disturbed, as by pitting, possible pores, 
dropping out of one or more crystals, or 
general breakage, the discontinuities are al- 
ways between crystals. Some of the local 
cavities are only the size of one or a few 


crystals (Plate 78, fig. 4), others equal the 


size of many crystals (Plate 79, figs. 3a 
and 3b). Upon rotation of a specimen under 
the microscope some cavities are seen to be 
partially filled with mineral matter (Plate 
78, fig. 4). This probably results, at least 
in places, from the test being composed of 
more than one layer of crystals, and this 
mineral matter may be a portion of an 


, underlying layer. ‘ 


In a very few specimens what appear to 
be tiny openings between crystals have been 
seen. These are not indicated in the drawings 
because higher magnification than was pos- 
sible in this study would be necessary to 
show them clearly. 


METHODS OF STUDY 


The drawings were made by reflected light 
using the right ocular of a Spencer binocular 
microscope fitted with achromatic lenses, 
X7 oculars, and 16 mm. objective. Frequent 
checking of the details was made through 
the left ocular. Translucence of the crystals 
contributed to the faintness of their outlines 
and surfaces, and they did not show up 
strongly under the camera lucida. Because 
of the shallow plane of focus of the micro- 
scope and the roundness of the tests, a gen- 
eral view of only a few neighboring crystals 
could be obtained at any one time at the top 
of the test, and progressive downward focus- 
sing brought the others. successively into 
view. 

The tests were mounted on cardboard 


micro-slides with a boiled solution of gum 
tragacanth. The high heat of the lamp used 
in drawing, when applied for too long a time, 
caused the gum to soften and the test to 
move slightly. Reorientation was accom- 
plished with the mechanical stage. However 
experience proved that a specimen does not 
shift when short periods of two to three 
minutes of work are alternated with short 
periods of rest, during which the lamp is 
turned off. Another mounting medium may 
be found which would be less subject to heat. 

Further study required the use of higher 
magnification and the drawings were com- 
pared with the specimens under a monocular 
microscope with X12.5 ocular and 16 mm. 
objective. These comparisons were made 
working in zones round and round, inward 
from the edges of the specimens. Thus out- 
standing crystal forms and facets were ob- 
served in greater detail. 

Finally the drawings were shaded using 
a Spencer binocular with X12.5 oculars and 
X6.8 objective, which brought out the 
depth and roundness of the whole tests. The 
finished drawings were made at a magnifi- 
cation of X120 which has been reduced } in 
reproduction. 

At the beginning of the work an attempt 
was made to draw every surface and line 
observed. A Spencer microscope lamp 
equipped with a 100 watt coil filament pro- 
jection bulb, and an engraver’s lens were 
used. Some difficulty was encountered, how- 
ever, in finishing the drawings because of the 
surface pattern of the drawing paper. Also 
erasures were troublesome because a little 
carbon from the pencil marks lodged in the 
paper structure and brought out its pattern. 
These difficulties were not recognized for 
some time. The fine diamond-shaped areas 
in the earlier drawings (Plate 78, figs. 1b, 5c, 
7a, 7c, and 8) are in part real, and in part 
the similar fine detail of the paper surface. 
The general form of the crystal areas of the 
tests, however, is not obscured, and these 
drawings show the general appearance of 
the tests satisfactorily. 

All subsequent drawings were finished in 
the light from a high reading lamp, and with 
very few local erasures. The side view of 
Webbinelloidea hemispherica (Plate 79, fig. 
ib) was the last drawing to be made. 
Every line of this drawing was made with- 
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out erasure and each was carefully checked 
against the crystal surfaces of the test 
through the other ocular. 

In making the later drawings only the 
major forms of the crystalline units and all 
prominent planes or areas on them were 
recorded. All depths of focussing were used, 
When drawing Webbinelloidea sola (Plate 79. 
fig. 2c) the focus was kept high on the 
surface of the test. At this elevation shadow 
lines running down the dome-shaped crystal 
tips appeared, but the crystal contacts were 
not in focus. On the other hand, deep focus 
accented the outlines of the crystals as seen 
in Plate 78, figures 5c, 7a, 7c, and 8. The 
drawing of Webbinelloidea trilocularis (Plate 
79, fig. 3a) was made the most quickly 
and simply of them all. The areas repre- 
sented on the surface of this test are the out- 
lines of the dome-like crystal tips. As in all 
the drawings they show best in silhouette 
around the sides. Most of the later drawings 
show both the outlines of the crystal units 
and the major surface features. The most 
accurate and complete presentation of 
crystal forms and facets which was possible 
with the equipment used, may be seen in 
Plate 78, figure 7b and Plate 79, figure 1b. 

It is believed that this group of drawings 
provides a comprehensive analysis of the 
test surfaces. They do not, however, reveal 
the’ great beauty and jewel-like quality of 
the crystals. 


DESCRIPTION OF COLLECTING 
LOCALITIES 


No. 6. Scioto quarry (Main or North Quarry) of 
Marble Cliff Quarries Co., north of Hobo 


* Locality numbers of Dr. Wells. 
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Quarry, Franklin County. Along west wall of 
quarry. Second Bone Bed. 

No. 7. Scioto quarry (Main or North Quarry) of 
Marble Cliff Quarries Co., north of Hobo 
Quarry, Franklin County. Along west wall of 
quarry. Third Bone Bed. 

No. 9. J. and L. Snouffer quarry, east side of Sci- 
oto River, 1 mile south of Dublin Road, Frank- 
ery East wall of quarry. Second Bone 


No. 11. Miami Stone Company quarry, west side 
of Olentangy River, 2 miles north of Bartholo- 
mew Run, Delaware County. Top of exposure 
— now abandoned quarry. First Bone 

ed. 

No. 17. J. M. Hamilton and Sons quarry, east of 
highway, 1}? miles north of Marion, Marion 
County. Near top of exposure, west wall. Sec- 
ond Bone Bed. 


DESCRIPTION OF SPECIES 


Family SACCAMMINIDAE 
Subfamily PSAMMOSPHAERINAE 
Genus PSAMMOSPHAERA, Schulze, 1875 
PSAMMOSPHAERA DELICATULA 
Stewart and Lampe, n. sp. 

Plate 78, figures 1a and b 


Test minute, delicate, free, comprising 
one irregularly globular chamber; wall thin, 
consisting of very fine, well-cemented sand 
grains, with here and there grains arising as 
small projections above the level of the sur- 
face giving a generally rough appearance; 
apertures not apparent; color white or 
yellowish. 

Diameter of syntype 0.28 mm. 

The few specimens observed seem to be 
quite constant in their characters. The spe- 
cies appears to be closely related to the 
Silurian form, P. gracilis Dunn, but has the 
surface roughened by the occasional pro- 
jecting quartz grains. 

Occurrence.—First Bone Bed, Columbus 
formation. Locality 11. 





EXPLANATION OF PLATE 78 
(All fgures X60) 


Fics. la, b—Psammosphaera delicatula n. sp. a, Top and b, side views of broken specimen. (Syntype 


OSU 19,526) 


2—Psammosphaera devonica n. sp. Top view. (Holotype OSU 19,527) 


(p. 532) 
(p. 533) 


3a, b—Psammosphaera discoidea n. sp. a, Top and b, side views. (Holotype OSU 19.528) (p 533) 
4—Psammosphaera rotunda n. sp. Side view of broken specimen. (Holotype OSU 19,529) (p. 533) 
5a, b, c—Sorosphaera columbiense n. sp. a, b, Views of two single chambers showing flat side 

below and c, two joined chambers (specimen subsequently lost). (Syntypes OSU 19.523) 


6—Sorosphaera bicelloidea n. sp. Top view of holotype. (Holotype OSU 19,524) 


(p. 533) 
(p. 534) 


7a, b, c—Sorosphaeroidea ag ong n. sp. a, Specimen with two complete and one broken 


chamber (holotype), 


chambers, the left one broken. (Holotype OSU 19,525) 


inside view of broken chamber and c, side view of two jo‘ned 


(p. 534) 


8—Webbinelloidea similis n. sp. Top view of two joined chambers. (Holotype OSU 19,533) 





(p.535) 
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Syntypes (2).—No. 19,526, Geological 
Museum, Ohio State University. 


PSAMMOSPHAERA DEVONICA 
Stewart and Lampe, n. sp. 
Plate 78, figure 2 


Test minute, free, consisting of one 
globular chamber; wall thin, composed of 
milky quartz grains of moderate size; rough 
on the exterior; grains apparently well 
cemented although much of the cement has 
been removed leaving the wall porous; 
aperture indefinite. 

Diameter of fairly complete specimen 
0.43 mm. 

The material on which this species is 
based is fragmentary, but specific designa- 
tion seems justifiable because no other form 
exactly like it has been described from the 
Devonian. The chamber is larger than in 
Psammosphaera delicotula, and is more 
nearly spherical. The fragmentary character 
of the specimens resulted largely from dam- 
age in the acid bath. 

Occurrence.—Second Bone Bed, Columbus 
formation. Locality 9. 

Holotype-—No. 19,527, Geological Mu- 
seum, Ohio State University. 


PSAMMOSPHAERA DISCOIDEA 
Stewart and Lampe, n. sp. 
Plate 78, figures 3a, b 


Test small, discoidal in outline; consisting 
of one chamber with uniformly curving 
surface, showing no evidence of attach- 
ment; wall quite thick, composed of milky 
quartz grains, quite coarse for the size of the 
specimen; much of the cement has been dis- 
solved so that the grains here and there ap- 
pear to project above the general level of the 


surface producing a roughened appearance; 
apertures not apparent; color white. 

Diameter of holotype 0.43 mm. 

This species differs from P. delicatula in 
the different shape, and larger size of both 
specimen and quartz grains. 

Occurrence.—First Bone Bed, Columbus 
formation. Locality 11. 

Holotype.-—No. 19,528, Geological Mu- 
seum, Ohio State University. 


PSAMMOSPHAERA ROTUNDA 
Stewart and Lampe, n. sp. 
Plate 78, figure 4 


Test rather large for genus, globular, con- 
sisting of one chamber; smooth on both in- 
terior and exterior; composed of small 
firmly cemented quartz grains; no certain 
aperture has been detected, but numerous 
small openings scattered at random over the 
surface suggest minute apertures rather 
than accidental holes resulting from solution 
of the cement; color white. 

Diameter of figured specimen 0.62. 

This is a distinct form, even although the 
species is based on a somewhat broken speci- 
men. The larger size and very small quartz 
grains readily serve to distinguish it from 
the associated Psammosphaera devonica. 

Occurrence.—Second Bone Bed, Colum- 
bus formation. Locality 9. 

Holotype-—No. 19,529, Geological Mu- 
seum, Ohio State University. 


Genus SoROSPHAERA H. B. Brady, 1879 
SOROSPHAERA COLUMBIENSE 
Stewart and Lampe, n. sp. 

Plate 78, figures 5a, b, c 


Test small, free, composed of two or more 
chambers loosely and irregularly joined; 








EXPLANATION OF PLATE 79 
(All figures X60) 


Fics. la, b—Webbinelloidea hemispherica n. sp. a, b, Top and side views of holotype. (OSU rae 
p.5 


2a, b, c—Webbinelloidea sola n. sp. a, Top view of largest specimen; b, side view of small speci- 
men with convex side above; c, top view of specimen of intermediate size. (Syntypes OSU 
19,534) (p. 535) 
3a, b—Webbinelloidea trilocularis n. sp. a, Top view of holotype and b, paratype of three irreg- 
larly joined chambers, two broken. (OSU 19,535) (p. 535) 
4a; b—Tholosina? circularis n. sp.a, View of convex side of syntype and b, view of syntype show- 
ing slightly flattened side of attachment. (Syntypes OSU 19,530) (p. 536) 
5—Tholosina? ovoidea n. sp. View of convex side of holotype. (OSU 19,531) (p. 536) 
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chambers irregularly globular, flattened on 
the adjacent sides and also along the base of 
specimen; wall thin, smooth, consisting of 
minute, well-sorted, clear, and milky quartz 
grains; well cemented; aperture not ap- 
parent; color white or yellowish. 

Length of figured specimen 1.14 mm.; a 
single chamber measures 0.47 mm. in di- 
ameter. 

A well-preserved specimen with three 
chambers was lost after preliminary study. 
Several separated chambers have been 
found which are more or less polygonal in 
outline and evidently were formerly joined 
to others along the flattened sides, thus 
forming parts of an aggregate. The species 
resembles the Silurian form S. subconfusa 
Dunn, from the Osgood limestone of Mis- 
souri. 

Occurrence.—Third Bone Bed, Delaware 
formation. Locality 7. 

Syntypes (2).—No. 19,523, Geological 
Museum, Ohio State University. 


SOROSPHAERA BICELLOIDEA 
Stewart and Lampe, n. sp. 
Plate 78, figure 6 

Test minute, probably attached along the 
more flatly curved side, consisting of two 
moderately inflated subequal somewhat 
mushroom-shaped chambers, firmly joined 
to one another along a more or less flattened 
plane of contact; wall fairly thick and ir- 
regular on the outside, composed of clear 
quartz grains which are large for the size of 
the specimen; grains fastened by small 
amount of cement which here and there has 
been dissolved leaving the wall porous; 
aperture not apparent. 

Length of entire specimen 0.57 mm., di- 
ameter of larger chamber is 0.38 mm. 

Only one specimen has been found but it 
is distinctive and has all essential features 
well preserved. It resembles the Silurian 
species Sorosphaera bicella Dunn, but the 
shape of the chambers is different, and it is 
a larger form. 

Occurrence-—Second Bone Bed. Colum- 
bus formation. Locality 9. 

Holotype.—No. 19,524, Geological Mu- 
seum, Ohio State University. 


Genus SOROSPHAEROIDEA 
Stewart and Lampe, n. gen. 


Test attached, 


consisting of several 
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chambers, firmly joined to one another 
along flattened contact surfaces; base of ag- 
gregate flattened on general area of attach- 
ment; chambers moderately convex, roughly 
polygonal in outline; wall thin, consisting of 
sand grains which are rather coarse for the 
size of the specimen; surface rough outside 
and in; aperture not apparent. Like Soro- 
sphaera but the chambers are more inti- 
mately joined and arranged more nearly in a 
plane. 

Genotype.—Sorosphaeroidea polygonia n. 


sp. 


SOROSPHAEROIDEA POLYGONIA 
Stewart and Lampe n. sp. 
Plate 78, figures 7a, b, c 


Test of medium size, attached, consisting 
of two or more chambers, base flattened 
nearly in a plane; chambers roughly polyg- 
onal or wedge-shaped in outline, firmly 
joined to one another, flattened along con- 
tact surfaces with no evident intercommuni- 
cation, somewhat depressed and irregular 
in depth; wall thin, composed of quartz 
grains quite large for the size of the speci- 
mens, those on the flattened base smaller 
and more uniform in size; surface rough ex- 
cept where attached; apertures not ap+ 
parent; color white to yellowish. Length of 
figured specimen 0.95 mm. 

This form resembles Sorosphaera multi- 
cella Dunn, of the Waldron formation, 
Silurian of Indiana, but the chambers are 
larger, and the aggregate consists of fewer 
chambers. The holotype originally had four 
or five chambers, two of which were acci- 
dentally broken away. 

Occurrence.—First Bone Bed, Columbus 
formation. Locality 11. 

Holotype and Paratype (2).—No. 19,525, 
Geological Museum, Ohio State University. 


Subfamily WEBBINELLINAE 
Genus WEBBINELLOIDEA 
Stewart and Lampe n. gen. 


Test attached, composed of one or more 
plano-convex chambers, circular to oval in 
outline, usually with high convexity, flat- 
tened along adjoining sides; wall generally 
thick, smooth or rough; sand grains in most 
species well sorted and firmly cemented with 
silica which is iron stained in some speci- 
mens; aperture indefinite. 
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This genus resembles Webbinella Rhum- 
bler in the plano-convex and more or less 
circular type of chamber, but differs in the 
absence of the flattened border so character- 
istic of that genus. 

Genotype.— Webbinelloidea similis n. sp. 


WEBBINELLOIDEA HEMISPHERICA 
Stewart and Lampe, n. sp. 
Plate 79, figures la, b 


Test probably attached, composed of one 
plano-convex hemispherical chamber of 
pronounced convexity, large and slightly 
oval in cross section; wall rough on outside, 
composed of large, clear, angular quartz 
grains of varying size firmly embedded in a 
ground mass of small grains slightly yellow 
from iron stain; two small cavities on the 
flat side may be natural apertures or, pos- 
sibly, places of attachment. Diameter of 
longest dimension of holotype 0.76 mm. 

One excellently preserved specimen rep- 
resents this species. It differs from the as- 
sociated species of the genus in the larger 
size of the individual chamber, less assort- 
ment of sand grains, and the flattened side 
being equally as rough as the rest of the 
exterior. 

Occurrence.—Second Borie Bed. Colum- 
bus formation. Locality 17. 

Holotype—No. 19,532, Geological Mu- 
seum, Ohio State University. 


WEBBINELLOIDEA SIMILIS 
Stewart and Lampe, n: sp. 
Plate 78, figure 8 


Test attached, composed of two plano- 
convex chambers arranged in the same 
plane; of equal height and subequal size, 
slight flattening on one side of smaller 
chamber suggests a third might have been 
joined at this place; chambers of medium 
convexity, circular in cross section, and 
firmly joined along plane of contact; test 
thinnest and smoothest on the flat side, com- 
posed of fairly coarse but well-sorted sand 
grains held together by a small amount of 
cement; exterior and interior rough; no defi- 
nite aperture visible. 

Length of complete specimen 1.14 mm.; 
width of largest chamber 0.59 mm. 

The one specimen observed is perfectly 
preserved and may be distinguished from 
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associated species of the genus by its two- 
chambered test. 

Occurrence.—Second Bone Bed, Colum- 
bus formation. Locality 9. 

Holotype-—No. 19,533, Geological Mu- 
seum, Ohio State University. 


WEBBINELLOIDEA SOLA 
Stewart and Lampe, n. sp. 
Plate 79, figures 2a, b, c 


Test attached, small to medium in size, 
consisting of one plano-convex chamber 
with medium to pronounced convexity, 
circular to oval in cross section; wall com- 
posed of well-sorted sand grains, coarse for 
the size of the specimens, those on the 
flattened side smaller; exterior and interior 
fairly smooth, flattened side generally 
smoother; cement in some specimens with a 
small amount of iron stain giving a yellowish 
or brownish tint to entire specimen; no 
definite aperture can be detected but there 
are suggestions here and there of small inter- 
stitial openings. 

Diameters of the two largest specimens 
0.66 mm., and 0.52 mm. 

This species differs from the associated W. 
hemispherica in the smoother character of 
the wall, the more thoroughly sorted sand 
grains, and the greater convexity of the 
chamber. 

Occurrence.—Second Bone Bed, Colum- 
bus formation. Locality 9. 

Syntypes (3).—No. 19,534, Geological 
Museum, Ohio State University. 


WEBBINELLOIDEA TRILOCULARIS 
Stewart and Lampe n. sp. 
Plate 79, figures 3a, b 


Test attached, composed of three sub- 
equal chambers, loosely to firmly joined, ap- 
parently without direct inter-communica- 
tion; chambers plano-convex, oriented in the 
same plane in only one specimen, somewhat 
flattened along planes of contact, sub- 
rectangular or sub-polygonal in outline; 
composed of sand grains medium coarse for 
size of specimens, firmly cemented; wall 
rough both outside and in, except for flat 
side which is quite smooth on the exterior; 
color yellowish to light brown; no visible 
apertures. 

Dimensions of holotype are: longest di- 
mension 1.14 mm.; diameters of largest and 
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smallest chamber 0.66 mm., and 0.47 mm. 
respectively. 

The three-chambered form is the basis 
for distinction as a separate species. Of four 
specimens examined only the holotype is 
fairly complete. 

Occurrence.—Second Bone Bed, Colum- 
bus formation. Locality 9. 

Holotype and Paratype-—No. 19,535, 
Geological Museum, Ohio State University. 


Genus THOLOSINA Rhumbler, 1895 
Tholosina ? circularis 
Stewart and Lampe, n. sp. 
Plate 79, figures 4a, b 


Test attached, consisting of one moder- 
ately inflated chamber, flattened on the side 
of attachment and roughly circular in out- 
line; wall consisting of large, poorly sorted, 
clear quartz grains, rough on the outside, 
smoother on the inside; wall moderately 
thick; very little cement is evident, most of 
it was undoubtedly removed by acid during 
treatment; position of apertures not defi- 
nitely determined as openings here and 
there appear to be accidental; white in 
color. 

Diameter 0.32 mm. 

This species is referred to the genus 
Tholosina with question because of imper- 
fect knowledge concerning the position of 
the apertures. Although only two specimens 
have been studied their characters are su ffi- 
ciently distinct to warrant recognition as a 
new species. 

Occurrence.—Second Bone Bed, Colum- 
bus formation. Localities 6 and 9. 

Syntypes (2).—No. 19,530, Geological Mu- 
seum, Ohio State University. 


THOLOSINA ? OVOIDEA 
Stewart and Lampe, n. sp. 
Plate 79, figure 5 


~ Test attached, consisting of one inflated 
chamber, essentially flat on the side of at- 
tachment but slightly bulging in the center, 
ovoid in outline; wall consisting of well- 
sorted sand grains, fairly coarse for the size 
of the specimen, quite thick on the convex 
side, but thin on the flat side; a small 
amount of cement seems to be present; sev- 
eral openings on both convex and flat sides 
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may be true apertures; exterior fairly 
smooth, interior rough; color white to yel- 
lowish. 

Length 0.76 mm., width 0.57 mm. 

One complete specimen and a few frag- 
ments are referred to this species. The 
former shows no evidence of attachment ex- 
cept along the flattened side. Therefore, it is 
fairly certain that the test consists of a 
single chamber. This species is referred with 
some question to Tholosina because the 
occurrence of apertures cannot be definitely 
established and the irregularly spaced 
openings may have resulted from removal of 
some original calcareous cement. 

Occurrence.—Second Bone Bed, Colum- 
bus formation. Locality 9. 

Holotype-——No. 19,531, Geological Mu- 
seum, Ohio State University. 
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AULACOPLEURA AND THE OTARIONIDAE 


ALOIS PRIBYL 
Prague, Czechoslovakia 





ABSTRACT—A restudy of the trilobite family Otarionidae shows Aulacopleura and 
other genera seprated from the Olenidae to represent a separate evolutionary 
branch of the Otarionidae. Three subfamilies are established and a new species of 


Aulacopleura is described. 





INTRODUCTION 


CAREFUL review of the older literature re- 

lating to Aulacopleura Hawle and 
Corda, 1847 (=Arethusa Barrande, 1846; 
Arethusina Barrande, 1852) reveals many 
inconsistencies in its systematic assignment 
to one or another of certain families of 
trilobites. Hawle and Corda (1847), Bar- 
rande (1852, 1872), F. R. C. Reed (1904, 
1935), J. Pompeckij (1912) and others be- 
lieved it to be a member of the Proetidae 
Hawle and Corda. M. D. Oehlert (1886) 
was the first to remove this genus, together 
with Cyphaspis Burmeister (recte Otarion 
Zenker) from that family because she be- 
lieved them to represent an independent 
intermediate group (Cyphaspis chez lequel 
tous les charactéres se sont exagérés) be- 
tween the Proetidae and other trilobite 
families. She also pointed out that Arethu- 
sina (recte Aulacopleura) is similar in some 
respects to Harpes Goldfuss. In considering 
Oehlert’s opinion, E. Warburg (1925) stated 
that any connection of the Proetidae and 
Otarionidae to other groups of trilobites is 


very difficult to find. She concluded (pp. 62, 


63) that Arethusina (recte Aulacopleura) isa 
primitive member of the Cyphaspidae 
Salter, 1864 and cannot, in any circum- 
stance, be assigned to the Olenidae Bur- 
meister, 1843, and because of its differences 
from typical olenids. Chr. Poulsen (1927, 
1934) shared this view. Ch. Chaubet (1937, 
p. 191) however, assigned Aulacopleura to 
the Proetidae. 

O. H. Schindewolf (1924), R. Richter 
(1932) and A. Opik (1937) have taken the 
opposite view and referred Aulacopleura to 
the Olenidae. C. J. Stubblefield (1936 p. 436) 
preferred to revive the Aulacopleuridae 
Angelin 1854, for the accommodation of this 


genus. G. Giirich (1908, p. 64) independ- 
ently proposed a new subfamily for the ac- 
commodation of this genus but he mis- 
takenly used Barrande’s old name and 
termed it Arethusiniae. I agree with Stubble- 
field but consider Angelin’s family Aulaco- 
pleuridae to be a subfamily of the Otarioni- 
dae R. and E. Richter, 1926. 

Recognition of the Aulacopleurinae as a 
subdivision of this family is in harmony with 
many facts noted by Warburg (1925) and 
Poulsen (1927). 

In addition to noteworthy resemblances 
in the bodily structures of Aulacopleura, 
Otarion and other genera, similarity of the 
hypostomes is important. The hypostome of 
Novékaspis Ptibly, 1946, resembles in its 
general shape that of the subgenus Aulaco- 
pleura (Paraaulacopleura) Chaubet, 1937. 
A comparison of the hypostome of the typi- 
cal subgenus Aulacopleura (Aulacopleura) 
with both of these reveals that A. (Para- 
aulacopleura) is intermediate between the 
other two. [The hypostome figured by 
Richter in 1914 (p. 307, text figure 1) must 
be referred to Novékaspis rather than to 
typical Otarion. In 1847 Hawle and Corda 
figured a hypostome (pl. 5, fig. 46a) whick 
they related to Conoparia (recte Otarion) 
but this identification is uncertain. So far as 
I know, the hypostome of Ofariton has never 
been described.] 

Because of its only slightly developed 
central furrow the hypostome of Cyphas- 
pides Novak, 1890 shows closer resemblance 
to Aulacopleura and Proetus than to Novd- 
kaspis whose central furrow is sharply de- 
fined (see R. Razitka, 1938). The hypostome 
of the typical subgenus A. (Aulacopleura), 
as illustrated by A. konincki, is closely simi- 
lar to those of the Otarionidae and Proetidae 
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and comparison of it with the hypostome of 
typical Olenidae demonstrates that A. 
(Aulacopleura) is intermediate between the 
Olenidae and the Otarionidae. In addition, 
J. Perner (1916) commented upon the simi- 
larity in general shape of the hypostomes of 
Aulacopleura and Harpes Beyrich. 

In view of these relationships I have con- 
cluded that Aulacopleura and other genera 
separated from the Olenidae represent a 
separate evolutionary branch of the Otari- 
onidae. Likewise the Proetidae are closely 
related to the slightly older Otarionidae. 

Detailed study of other members of the 
Otarionidae, for example Novékaspis, Cyph- 
aspides, Cordania, and others, shows the 
necessity for recognizing separate sub- 
families for certain groups of genera because 
they differ importantly from typical repre- 
sentatives of the Otarionidae. Therefore, I 
am subdividing this family into three sub- 
families which differ from each other in a 
number of characteristic features. 


SYSTEMATIC DESCRIPTIONS 
Family OTARIONIDAE 
R. and E. Richter, 1926. 


For comparison and diagnosis, see 
R. Richter, 1913, p. 348; R. and E. Richter, 
1926, pp. 59, 314; etc. 


1. Typical subfamily: OTARIONINAE 
(R. and E. Richter) emend. Pfibyl, 1946 
Type genus: Otarton Zenker, 1833, emend 

R. and E. Richter, 1926 


Description.—Otarionidae with more or 
less vaulted cephalon. Glabella strongly in- 
flated, oval, with or without one pair of 
basal lobes. Eyes small or medium size, pro- 
truding. Facial sutures opisthoparian. 
Cheeks vaulted with variably long genal 
spines. Thorax with 11 to 17 segments. 
Pygidium short, broad with rounded borders 

Stratigraphic distribution Ordovician 
(Llandeilian to Ashgillian), Silurian, De- 
vonian, and Carboniferous. 

Occurrence.—Europe, North and South 
America, Asia and Australia. 

Genera.—Otarion (Otarion) Zenker, 1833, 
emend. R. and E. Richter, 1926; 

Otarion (Coignouina) Reed, 1943; Novd- 
kaspis Ptibyl. 1946; Térnquistia Reed, 1896 
(=?Haploconus Raymond, 1913); Dimer- 
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opyge Opik, 1937. Questionably referred to 
this subfamily are: Brachymetopina Reed, 
1903, Cordania Clark, 1892; Namuropyge 
R. and E. Richter, 1939. 

2. Subfamily CyPHASPIDINAE n. subf. 

Type genus: Cyphaspides Novak, 1890 

Description.—Otarionidae with more or 
less vaulted cephalon. Eyes small. Glabella 
oval with insignificant basal lobes. Thorax 
of 11 segments. Pleurae strongly furrowed, 
ending in downward directed pointed spines. 
Pygidium with square outline; axis wide, 
inflated; pleural lobes horizontal above, 
arching downward, becoming perpendicular 
behind; bordered by five to seven spines. 

Stratigraphic distribution. — Devonian, pos- 
sibly Carboniferous and Permocarbonifer- 
ous. 

Occurrence—Europe (Bohemia and ,Ger- 
many), possibly Australia, Asia, and North 
America. 

Genera.—Cyphaspides Novak, 1890; pos- 
sibly Brachymetopus McCoy, 1847; Cheiro- 
pyge Diener, 1897. 


3. Subfamily AULACOPLEURINAE 
Angelin, 1854, emend. Pfibyl, 1946. 
Type genus: AULACOPLEURA 
Hawle and Corda, 1847 


Description.—Otarionidae with moder- 
ately convex cephalon. Eyes small, con- 
nected to glabella by ocular ridges. Glabella 
short in front, with two or three pairs of 
glabellar furrows. Preglabellar field large. 
Cheeks broad, with short genal spines. 
Facial sutures opisthoparian. Thorax of 
adult individuals with 19 to 22 segments. 
Pygidium small, quite broad—short; border 
rounded, smooth. 

Stratigraphic  distributton.—Ordovician 
(Caradocian), Silurian, Lower and Middle 
Devonian. 

Occurrence —Europe and North Africa. 

Genera.—A ulaco pleura (A ulacopleura) 
Hawle and Corda, 1847; A. (Paraaulaco- 
pleura) Chaubet, 1937. 


Genus AULACOPLEURA 
Hawle and Corda, 1847 
1847. Aulacopleura Hawle and Corda, Prodrom 
einer Monographie der béhm. Trilobiten, p. 84, 
pl. 5, fig. 48. 
Synonyms: Arethusa Barrande, 
Arethusina Barrande, 1852. 


1846; 
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Genotype: Aulacopleura konincki (Bar- 
rande, 1846); Silurian, Bohemia. 

Schindewolf (1924, pp. 213-216) ob- 
served that this genus includes two groups of 
species differing from each other by several 
characteristic features. He noted that the 
group of A. beyrichi differs from that of A. 
koninckt by its smaller number of thoracic 
segments, larger pygidium and chiefly by its 
differently shaped cephalon, but he proposed 
no subgeneric name for it. 

The subgenus Paraaulacopleura was in- 
troduced by Chaubet (1937, pp. 192-199) 
for specimens from the French Silurian 
(Montagne Noire) and compared with the 
typical subgenus which she mistakenly 
termed Aulacopleura (Arethusina) Bar- 
rande. 

I have carefully studied and compared 
specimens referred to Paraaulacopleura with 
Bohemian and German representatives of 
Aulacopleura and agree that two groups 
typified by A. beyrichi and A. konincki can 
be recognized and should be distinguished 
as subgenera. 


Typical subgenus AULACOPLEURA 
(AULACOPLEURA) Hawle and Corda, 1847 
Plate 80, figures 1-12; 
text figures 4-7,°10, 11 
Subgenotype: Aulacopleura (Aulaco- 
pleura) koninckt (Barrande) 


Descriptton.—Cephalon nearly semicircu- 
lar, moderately convex, with short genal 
spines, border narrow. Glabella narrow, 
about half as long as cephalon, narrowing 
anteriorly, and bluntly terminated, with 
two or three pairs of oblique furrows, last 
pair deepest and marking off basal lobes. 
Eyes small, joined to glabella by narrow, 
straight or slightly bent ocular ridges. Facial 
sutures opisthoparian. Preglabellar field 
large and broad. Genal spines relatively 
short and generally smooth. 

Thorax of adult individual with 21 or 22 
segments. Axis narrow, pleural lobes broad, 
pleurae long with rounded ends. 

Pygidium small, short, quite broad, with 
small number of axial and pleural segments. 

Remarks.—This subgenus differs from 
Paraaulacopleura mainly in its shorter 
glabella, larger preglabellar field, straight or 
only slightly curved ocular ridges, higher 
position of eyes, larger number of thoracic 
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segments and differently shaped and sized 
pygidium. 

To this subgenus are assigned seven spe- 
cies and varieties: A. (A.) konincki varieties 
koninckt Barr., occitantca Chaubet, hauert 
(Frech), peralta (Katzer), nitida (Barrande), 
socialis Poulsen, and bohemica Pfibyl n. sp. 

A. (A.) konincki peralia from the Silurian 
of Bohemia (Kozel at Beroun) and A. (A.) 
koninckt hauert from the Silurian of the 
Karnic Alps show close resemblance in 
their pointed spines directed outward from 
the anterior part of the cephalon. In my 
opinion these names are probably synonyms 
but this cannot be certain without a restudy 
of the holotypes. 

Stratigraphic distribution.—Limited to the 
Silurian, and Lower and Middle Devonian 
(Bohemian zone ga). 

Occurrence—Europe (France, Bohemia, 
Karnish Alps, Sweden), and North Africa 
(Morocco). 


AULACOPLEURA (AULACOPLEURA) 
BOHEMICA Pfibyl n. sp. 


Plate 80, figures 1-10, holotype figure, 10 

Description.—Cephalon semicircular with 
gently sloping cheeks and straight genal 
spines. Glabella large, elongated, like that of 
A. konincki but slightly narrower. Glabellar 
furrows in three pairs, the last deepest. 
Basal lobes not so distinctly separated as in 
A. konincki and other species. Preglabellar 
field large, broad, relatively convex, sloping 
toward slightly convex rim with deep nar- 
row bordering furrow. Posterior furrow of 
cheeks broader and deeper. Anterior parts 
of facial sutures moderately diverging 
whereas those of A. koninckt converge some- 
what; posterior parts follow semicircular 
courses and end close inside the genal spines. 
Eyes small, circular, connected to glabella 
by narrow slightly curved ocular ridges. 
Fixed cheeks relatively small. Free cheeks 
large, somewhat inflated with borders 
marked off by rather deep furrows. Border 
narrow, slightly convex. Genal spines very 
slightly oblique, deeply furrowed, extending 
to ninth or tenth thoracic segment. Occipital 
furrow straight, deep. Occipital ring narrow 
with a central tubercle. 

Thorax convex, with 19 to 21 segments in 
mature specimens. Axis narrow. Each seg- 
ment bears four large equally spaced tuber- 
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cles. Pleurae long, narrow, outer parts ex- 
tending downward and obliquely backward. 
Pleural furrows deep, extending almost to 
rounded ends. 

Pygidium short, rather broad, length not 
quite half of width, anterior margin nearly 
straight. Axis wide anteriorly, narrowing 
considerably posteriorly, not extending’ to 
posterior margin. Axial rings about seven, 
narrow, about three times as long as wide, 
quite convex. Pleural lobes with six seg- 
ments, convex, descending steeply toward 
margin, segments ending at wide, slightly 
concave furrow, each ornamented with five 
tubercles. Border entire, semicircularly 
rounded. 

Entire surface covered with small widely 
spaced tubercles. 

Remarks.—This species is similar to A. 
(A.) koninckt but it is more slender and 
posteriorly tapered, its cephalon and py- 
gidium are more convex, the front of glabella 
is less rounded, the glabellar furrows are 
shallower, the facial sutures are more diverg- 
ing anteriorly and less sharply curved be- 
hind, the cheeks are more convex. The genal 
spines are more deeply furrowed and the 
shapes of thoracic pleurae and pygidia are 
different. 

A. (A.) konincki occitanica has a smaller 
glabella and larger preglabellar field. 

A. (A.) konincki hauert has a pointed 
spine projecting from the anterior part of 
the cephalic rim. 

A. (A.) bohemica has a larger pygidium 
than other members of the subgenus and in 
this way resembles some species of Para- 
aulacopleura. 

This species was figured in an unfinished 
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manuscript by Nov4k who assigned it to 
Arethusina. My specimens agree perfectly 
with his illustrations which are presented on 
the accompanying plate and I am also pre- 
serving the specific name which he had 
chosen. 

Occurrence.—MéEnany limestone (ga 1) of 
the Middle Devonian from Konéprusy near 
Beroun in Bohemia. 


Subgenus AULACOPLEURA 
(PARAAULACOPLEURA) Chaubet, 1937 
Plate 80, figures 13, 14; text figure 3 

1937. Paraaulacopleura Chaubet, contri- 
bution a l’étude geolog. du Gothlandien, 
etc. p. 196, pl. 7, figures 1-3, 10 
Subgenotype: Paraaulacopleura roquemail- 
lerensis Chaubet, 1937 
Synonyms: Arethusina (part); 
Aulacopleura (part). 


Description.—Cephalon semicircular in 
outline, quite convex. Glabella large,. more 
than half as long as cephalon, with two or 
three pairs of glabellar furrows, the last out- 
lining basal lobes. Preglabellar field nar- 
rower than in the typical subgenus, convex, 
Eyes round, larger than those of typical 
subgenus, nearer to the posterior border of 
the cephalon, connected to glabella by ob- 
lique ocular ridges. Facial sutures opistho- 
parian. Genal spines with dorsal furrows. 

Thorax of 16 to 19 segments. Axis broad, 
one third as wide as thorax, quite convex. 

Pygidium larger and longer than in typi- 
cal subgenus. Axis elevated, consisting of 
greater number of segments. Lateral lobes 
with five or six pleurae. 

Remarks.—This subgenus corresponds to 
the group of Aulacopleura beyrichi. 





EXPLANATION OF PLATE 80 


Fics. 1-10—Aulaco 
vonian; 


ra (Aulacopleura) bohemica Ptibyl, n. sp. Ménany limestone, ga 1, Middle De- 
oneprusy, near Beroun, Bohemia. /, Cephalon, X4. 2, Part of cephalon surface 


greatly enlarged. 3, Same specimen as figure 1, lateral view. 4, Specimen with 19 thoracic 
segments, X-2. 5, Part of pygidium shown in figure 7, greatly enlarged. 6, Part cf axis of 
same specimen, X8. 7, Pygidium X4 and transverse profile. 8, Thoracic segment cf speci- 
men shown in figure 4, X4. 9, Thoracic segments of the holotype, X4. /0, Holotype, x2. 


(All figures are from an unpublished manuscript by O. Nov4k.) 


(p. 539) 


11, 12—Aulacopleura (Aulacopleura) konincki koninckt (Barrande). Motol beds e 2, Upper 
Wenlockian; Lodenice, near Beroun, Bohemia. After Barrande (1852, pl. 18, figs. 16, 17) 


(p. 539) 


x2. 
13, 14—Aulacopleura (Paraaulacopleura) beyrichi (Nov4ék). Middle Devonian, Bicken, Germ any. 


After Novak (1890, pl. 2, figs. 7, 7c) X2. 
mgia coosensis Munyan, n. sp. 15, Surface showing possible canal structures, 


olotype X2. 17, Holotype, X2. 18, Cruciform spicule, X10. 


15—18—Protos 
X15. 16, 


(p. 540) 
(p. 546) 
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‘Pribyl, Genus Aulacopleura 
Munyan, Middle Cambrian Sponge 
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Stratigraphic distribution Middle Or- 
dovician (Caradocian), Silurian, and Lower 
and Middle Devonian. It is not known from 
the Upper Devonian. A. sandbergeri (Bar- 
rande) occurs in the Middle Devonian ac- 
cording to H. Burhenne (1899, p. 27), and 
R. and E. Richter (1926), and not in the 
Upper Devonian as reported by Barrande 
and Sandberger. 

Occurrence-—Europe (France, Bohemia, 
Germany, England, and elsewhere). 

Species.—A. (P.) roquematllerensis Chau- 
bet, A. (P.) beyricht (Novak), A. (p.) sand- 
bergert (Barrande), A. (P.) miinsiert (Giim- 
bel), A. (P.) inexpectata (Barrande), A. 
(P.) kaysert (Holzapfel), and A. (P.) reed 
Fiibyl, n. nom. =(see F. R. C. Reed 1904: 
Arethusina konincki not Barrande) 

“Arethusina” peltata Novak (1890) from 
the Devonian of Bohemia has a differently 
shaped pygidium and probably belongs to 
a new unnamed genus. This species was 
erroneously assigned to Arethusina (recte 
Aulacopleura). Similarly the American spe- 
cies ‘‘Arethusina”’ americana Walcott and 
“Arethusina”’ argentina Kayser belong prob- 
ably to the Olenidae or Ptychoparidae. But 
these two species certainly do not belong to 
the genus Aulacopleura or the family Otari- 
onidae. 


GENERAL OBSERVATIONS 


T. Kobayashi (1936) described a new 
olenid genus Proaulacopleura based upon a 
single species P. buttst from Alabama in 
North America (pp. 93, 94, pl. 15, fig. 6). In 
comparing it with Aulacopleura he stated 
that it differed chiefly by the outline of its 
glabella, obsolescence of glabellar furrows, 
shape of eyes, number of thoracic segments 
(reported to be 14 instead of 21 or 22, but his 
figure shows only 13), and the ornamenta- 
‘ tion of its cephalon. According to Kobayashi 
Aulacopleura has a glabella more rounded in 
front, three pairs of distinct glabellar for- 
rows and circular eyes. Also that the tho- 
racic pleurae are quite different for their 
ends are pointed in Proaulacopleura but 
rounded in Aulacopleura. Although the 
shape of the eyes is different, both have oc- 
ular ridges. 

Kobayashi’s statement (p. 194) that A. 
konincki occurs in the Llandeilian (upper 
beds of Lower Ordovician) is erroneous as 
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this species occurs only in the Wenlockian 
(Silurian). 

F. R. Cowper Reed (1904, pp. 83, 84, pl. 
11, figs. 14, 15) described a specimen from 
the Ordovician (Balclatchie group of the 
Lower Caradocian) from the Girvan district 
of Ayrshire which he doubtfully identified 
as Arethusina koninckt. This specimen is 
certainly misidentified and actually belongs 
to the subgenus Paraaulacopleura and there- 
fore I propose for it the name Aulacopleura 
(Paraaulacopleura) reedi Ptibyl n. name. 
Concerning this specimen Reed wrote as 
follows: 


In the Girvan specimen of the head-shield all 
the typical features are seen. The course of the 
facial sutures and the eye-lines are distinct, but 
the latter are rather oblique instead of horizontal, 
though this may be due to distortion which the 
specimen has evirently suffered through crush- 
ing. Tre punctation of the cheeks, the narrow 
border, the genal spines, and the short glabella 
are well seen; the basal lobes are indistinct owing 
to the surface of the glabella being injured. The 
pygicium appears to offer no points of difference. 


This species is obviously different from 
the other Girvan form described by Reed 
(1935, Suppl. 3, p. 43, pl. 1, fig. 16) under 
the name Aulacopleura ? sola Reed. The 
latter differs from A. (P.) reedi and other 
representatives of Aulacopleura in the shape 
of its cranidium. Although he compared it 
to the Devonian species A. (P.) beyrich, 
these forms are obviously unrelated. In con- 
trast A. (P.) reedi is somewhat similar to 
A. (P.) beyrichi and it is, in fact, the oldest 
known representative of Paraulacopleura. 
The oldest representatives of the typical 
A. (Aulacopleura) appeared much later, in 
the Silurian. 

In my opinion “Aulacopleura” sola Reed 
is not a member of Aulacopleura but repre- 
sents an undescribed genus intermediate 
between that and some member of the 
Olenidae. 

Reed’s misidentification of A. konincki 
resulted in Kobayashi’s statement that this 
species occurs in the Ordovician. 

Kobayashi expressed the opinion that 
Proaulacopleura was probably derived from 
the Ptychoparidae or Olenidae, that it is 
closely related to Ptychoparta Hawle and 
Corda and Elrathia Walcott and that it is the 
progenitor of Aulacopleura and perhaps also 
of Cyphaspis (recte Otarion) and Proetus. 
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FiGuREsS 1—19—HYPOsTOMES OF OTARIONIDAE 


Fics. 1, 2—Novékaspis ceratophthalmus (Goldfuss) Middle Devonian, obere Calceola-Stufe; Gees, 





Eifel, Germany. After Richter (1914, p. 307, fig. 1), *8. Dorsal and lateral views. (p. 543) 
3—A ulacopleura (Paraaulacopleura) sp. Roquemaillere (Montagne Noire), Wenlockian: southern 
France. After Chaubet (1937, p. 194, fig. 5, text fig. 1), X5.2. Dorsal view. (p. 540) 
4, 5—Aulacopleura (Aulacopleura) sp. Roquemaillere (Montagne Noire), Wenlockian; southern 
France. After Chaubet (p. 194, fig. 5, text figs. 2-3). 12. Dorsal and lateral views. (p. 543) 
6, 7—Aulacopleura (Aulacopleura) konincki (Barrande). Wenlockian ea 2; Lodénice near Be- 
roun, Bohemia. After Perner (1916, p. 442, text figs. a, b). 10. Dorsal and lateral views. 


(p. 539) 
8, 9—Cyphaspides holinensis Rizitka. Middle Devonian gy; Holin near Prague, Bohemia. 
After Rizitka (1938, pl. 1, figs. 10, 10’), 5. Dorsal and lateral views. (p. 543) 


10, 11—Aulacopleura (Aulacopleura) konincki konincki (Barrande). Motol beds, ea 2, Upper 
Wenlockian, zone of Monograptus testis; Lodénice near Beroun, Bohemia; X7.8. Dorsal 
and lateral views. (p. 543) 

12, 13—Prionopeltis striatus (Barrande). Budnany beds, ef 1, upper beds of Lower Ludlovian, 


(Explanation of figures continued on facing page) 
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A comparison of Proaulacopleura and 
Aulacoplera clearly shows that, in spite of 
some apparent similarities, these genera 
differ in the shapes of their eyes, genal 
spines and glabellae, that the basal lobes 
typical of the Otarionidae are not present in 
Proaulacopleura and that the thoracic seg- 
ments differ in both number and shape. The 
stratigraphic ranges of these genera are 
quite different (Upper Cambrian to Middle 
Ordovician, and Silurian, respectively) and 
because of the gap which separates them I 
believe Kobayashi’s conclusions are exceed- 
ingly speculative. However, I do not deny 
the possibility that Aulacopleura together 
with Otarion and Proetus were derived from 
the Olenidae. 

All genera more or less similar to the 
Olenidae need not have descended from 
that family, the similarities of some prob- 
ably indicate convergence, and I consider 
such a relationship between Aulacopleura 
and the Olenidae or the Proaulacopleura and 
the Otarionidae to be completely illogical. 
In my opinion Proaulacopleura is a repre- 
sentative of the Ptychoparidae and Aula- 
copleura is a member of the subfamily 
Aulacopleurinae of the Otarionidae although 
the form of the name Proaulacopleura sug- 
gests that this genus is the progenitor of 
Aulacopleura, there appears to be no close 
relation between these genera. 

Opik (1937, p. 35) described the genus 
Panarchaeogenus and compared it to the 
olenid Aulacopleura to which he believed it 
to be closely related and stated that they 
differed by only a few characters such as the 
shapes of their cephalons, pygidia, etc. 
After comparing these genera, I am certain 
that they differ so importantly that they 
cannot be nearly related. It is difficult to 
decide whether this genus should be as- 
signed to the Olenidae or the Otarionidae as 
was recognized by Opik who referred it 


provisionally to the former. It is also similar 
to some of Ptychoparia or Elrathia and to 
such Swedish representatives of ‘‘Cyphas- 
pis’”’ as C. holmt Warburg and C. trigoda 
Warburg from the Silurian Boda limestone 
(Upper Leptaena limestone). 


HYPOSTOMES 


For comparison with hypostomes of 
Aulacopleura the hypostome of Novékaspis 
ceratophthalmus (Goldfuss), from the De- 
vonian of the Eifel, is illustrated (text 
figs. 1, 2). Referred to Cyphaspis, this was 
previously described and figured by Richter, 
and up to the present is the best known 
otarionid hypostome. Also figured for com- 
parison is the hypostome of Novdékaspis 
n. sp. aff. barrandeit from the uppermost 
beds of the Middle Ludlovian (ef 2), Si- 
lurian of Bohemia (text fig. 16). 

Hypostomes of the subgenus Paraaula- 
copleura appear to be intermediate between 
those of Novékaspis and A. (Aulacopleura) 
as shown by figures published by Chaubet 
[(text fig. 3, A (Paraaulacopleura) and figs. 
4 and 5, A. (Aulacopleura)|. Comparison 
of the hypostome of the unidentified French 
specimen of A. (Aulacopleura) (text figs. 4 
and 5) with that of the Bohemian A. (A.) 
konincki konincki (text figs. 10 and 11), the 
latter is seen to be shorter, wider, and much 
less convex. 

Perner’s figures (1916) of a hypostome 
referred to Arethusina konincki (text figs. 
6 and 7) are incorrect because the posterior 
of this species, properly named A ulacopleura 
(Aulacopleura) konincki konincki is invari- 
ably rounded and without a median incision 
as Rizitka (1938) observed (text, figs 10 
and 11). 

The hypostomes of A. (Aulacopleura) 
and Proetus (Cornuproetus) R. and E. 
Richter are also similar in general structure 
and shape. This likeness is best observed by 





zone of Pristiograptus tumescens; Diouh& hora near Beroun, Bohemia; X8.5: — and 


lateral views. 


p. 544) 


14, 15—Proetus (Proe‘us) bohemicus Hawle and Corda. Lower Devonian. Konéprusy MR 
Konéprusy near Beroun, Bohemia; X3.1. Dorsal and lateral views. (p. 544) 
16—Novékaspis n. sp. aff. barrandei. Uppermost layers of Budnany beds, ef 2, Middle Lud- 
lovian; Reporvje near Prague, Bohemia; X10. Dorsal view. (p. 543) 
17—Scharyia micropyga? (Hawle and Corda). Budnany beds ef 2, Lower Ludlovian; Diouha 
hora (Kosov) Beroun, Bohemia; X14. Dorsal view. (p. 544) 
18, 19—Proetus (Decoroproetus) decorus (Barrande). Motol beds, e a2, Upper W rr 4 Lo- 
dénice, Bohemia; X5. Dorsal and lateral views. (p. 544) 








544 


comparing A. (A.) konincki konincki with 
P. (C.) bivallatus Richter from the Upper 
Devonian of Germany (see R. and E. Rich- 
ter, 1925, pl. 1, fig. 2) Their hypostomes are 
almost identical except for small differences 
seen in lateral views. 

I present here figures of previously un- 
known Silurian hypostomes belonging to 
several genera of the Proetidae. These are: 
Scharyia Ptibyl (text, fig. 17); Prionopeltis 
Hawle and Corda (text, figs. 12 and 13); 
Proetus (Proetus) Steininger (text figs. 14 
and 15); and Proetus (Decoroproetus) Ptibyl 
(text figs. 18 and 19). A great number of 
other proetid hypostomes that I have iden- 
tified will be described in a monograph on 
the Bohemian Proetidae now in preparation. 

NovAk stated in his “Studien an Hypos- 
tomen béhmischer Trilobiten, I and II” 
(1880-84) that he had found the hypostomes 
of Proetus bohemicus, P. astyanax (=Asty- 
coryphe gracilis), P. decorus, and P. lepidus 
but he did not figure them. Barrande (1852, 
1872), however, figured several hypostomes 
but did not identify them. I have found 
several of these in their natural positions 
and can offer the following identifications: 
Barrande 1852, Pl. 15, fig. A =Proetus 
(Decoroproetus) decorus; Pl. 16, fig. G = Pri- 
onopeltis striatus. Also the hypostome on 
Pl. 17, fig. K = Proetus (Proetus) bohemicus. 
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A NEW SPECIES OF SPONGE FROM THE MIDDLE CAMBRIAN 


ARTHUR C. MUNYAN 
Emory University 





ABSTRACT—A new species of sponge from the middle Cambrian Conasauga forma- 


tion of Georgia is described. 





OSSIL collections from the southern 

Appalachians have been described and 
figured by many authors with the result 
that detailed reports are available on many 
areas (Resser 1938). Localities remain, how- 
ever, which deserve further investigation. 
Among them is the region underlain by the 
Conasauga formation of northwestern Geor- 
gia. 

A recent collection made in that area in- 
cluded at least one new species of sponge 
from a locality long ago visited by C. D. 
Walcott (Walcott 1924). He described, 
among other forms, Chancelloria drusilla 
and Protospongia fenestrata Salter from dis- 
tinctive spicular impressions on siliceous 
nodules obtained from the Conasauga shale 
near Livingston (Floyd County), Georgia. 
Light brown chert nodules, common in 
many Alabama and Georgia localities, are 
particularly numerous in the Coosa River 
section where they carry an extensive faunal 
assemblage. 

The nodules usually derived from the 
Conasauga are sub-rounded, discoidal, or 
decidedly irregular in form and dimension 
(fig. 1); characteristically they have attached 
fossil fragments on their exteriors as well as 
within the mass (fig. 2). Associated with the 
nodules are, however, other silicified objects 
which are remarkable in that each is small, 
rounded and, as a rule, has no attached fossil 
fragments. 

Close examination of several of these ob- 
jects revealed impressions of tiny spicules 
on their surfaces and a much larger, shallow, 
rounded depression at one end. These char- 
acteristics indicate that they are probably 
silicified casts of primitive sponges. Meas- 
urements of a number of specimens show 
close agreement in the ratios of width to 
length. 
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Phylum—PoRIFERA 
Genus—ProrosponGIa Salter 

Sponges probably cup- or vase-shaped, with 
walls consisting apparently of a single layer of 
spicular mesh. This is composed of cruciform 
spicules of varying dimensions; the larger are ar- 
ranged so as to form a regular quadrate frame- 
work, which is divided into secondary squares by 
smaller spicules, and these are again sub-divided 
in a similar manner, so that, when complete, 
there are four or five series of squares. The spicu- 
lar rays appear to have been organically ce- 
mented together at their points of junction with 
each other, and there are traces of a delicate mem- 
brane in the interstitial areas between the rays, 
which may have united the entire meshwork to- 
gether (Hinde 1888). 


The specimens from the Conasauga shale 
at Livingston satisfy most of the require- 
ments of the genus Protospongia, except 
that none possesses a regular reticulum, and 
being casts, no membrane is recognizable. 
However, the presence of several sizes of 
cruciform spicules, and the size and dimen- 
sions of the entire specimens seem to justify 
their assignment to Protospongia. 


PROTOSPONGIA COOSENSIS Munyan n. sp. 
Plate 80, figures 15-18 


Body—Ellipsoidal, sub-spheroidal, tube- 
or sack-like. Distal end generally slightly 
larger than proximal end, may taper to a 
rounded or flattened point. Width ranges 
from 1.2 to 2.4 cm.; length from 2.7 to 3.1 
cm.; average width 1.7 cm.; average height 
2.87 cm. Distal apical depression usually 
present probably represents osculum. Sur- 
face marked by sparse microscopic cruci- 
form spicular impressions oriented randomly. 
Some specimens show pits on external sur- 
face, which, in cross section are continued as 
short, irregular tubes probably representing 
remnants of primitive canal system. 

Spicules—Mostly thin, tapering sub- 
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cylindrical fragments probably parts of 
tetraradiate, cruciform spicules. Cruciform 
spicules with arms unequal in length, usu- 
ally tapering slightly away from the central 
junction. Spicules range in length from 0.8 
mm. toas muchas4.5 mm. Maximum diam- 
eters increase proportionately with length, 


varying from 0.04 mm. in the shorter spi- 
cules to 0.13 mm. in longer ones. 
Occurrence—Conasauga shale crops out 
west of the Neal’s Ferry road on a small, 
conical hill two miles north of the right- 
angle road intersection at the village of 
Livingston, 


in western Floyd County, 





Fic. 1.—Several specimens showing characteristic shapes, X 4. 





Fic. 2.—Surface of a specimen showing pores (?), X5. 
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Georgia. The exposure lies at the southern 
edge of the Coosa River floodplain, and im- 
mediately south of a small tributary to the 
river. 

The Conasauga formation at this locality 
consists, in larger part, of mottled brownish 
and yellowish-green to gray shale with in- 
tercalated thin, non-continuous sandstone 
layers and irregular cherty or siliceous 
nodules. The shale as well as the nodules 
carries a rather extensive fauna, but the 
specimens of the nodules, being silicified, are 
more numerous and better preserved than 
those of the shale. A few forms, such as some 
trilobites and sponges, have been individu- 
ally silicified and occur independently of the 
nodules. Resser (1938, p. 32), on the evi- 
dence of other collections from this general 
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locality, has established the equivalency of 
this portion of the Conasauga with the 
Marysville limestone which is Middle Cam- 
brian in age. 

Types—A holotype, figured in Plate 80, 
Fig. 16, has been designated and deposited 
in the museum of the Department of Geol- 
ogy at Emory University, Emory Univer- 
sity, Ga. Paratypes have been deposited in 
Walker Museum, University of Chicago. 
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LOWER SILURIAN CONODONTS FROM KENTUCKY 


E. B. BRANSON AND C. C. BRANSON 
University of Missouri, Columbia, Missouri, and Shell Oil Company, Carlsbad, New Mexico 





ABSTRACT—Two new genera and eleven new species from the Brassfield of Ken- 
tucky are described, one old species is listed, and four genera are listed without 
description of any species. The new genus, Icriodina, is considered the most useful 


conodont for correlation purposes. 





OWER Silurian rocks crop out in crescentic 
pattern around the eastern edge of the 
Jessamine Dome in Kentucky. They have 
been mapped from near Stanford, Lincoln 
County, to the Ohio River in Lewis County. 
The lowest and most persistent unit is the 
Brassfield limestone, named by Foerste 
(1905, p. 145; 1906, pp. 10 and 27) from 
exposures in cuts along the now abandoned 
line of the Louisville and Atlantic Railroad 
between Brassfield and Panola, Madison 
County, Kentucky. At most places the 
Brassfield is brownish, highly dolomitic 
limestone with much clay in the upper part, 
but at some places it is predominantly argil- 
laceous. 

A layer of dolomitic limestone at the top 
of the Brassfield was distinguished by 
Foerste (1906, pp. 36-38) as the ‘ Whit- 
fieldella horizon.” This bed is reddish-brown, 
sandy-appearing dolomitic limestone about 
two feet thick, and it contains large crinoid 
columnals and specimens of Whitfieldella 
subquadrata. 

Linney (1882) named and Foerste (1906, 
pp. 62-63) redefined the Crab Orchard 
division. As used by Foerste this division 
includes all the Silurian beds that outcrop 
in eastern Kentucky above the Brassfield 
limestone. McFarlan, Freeman, and Nelson 
(1944, pp. 531-540) recorded the occurrence 
of higher Silurian beds in this area. The 
stratigraphic units recognized by Foerste 
and those used here are shown in Figure 1. 

The basil member of the Crab Orchard 
division is the Plum Creek clay, a bed of 
light green slick cohesive clay with a maxi- 
mum thickness of five feet. It locally con- 
tains thin limestone layers and either pinch- 
es out or becomes limy away from the 
type locality on Plum Creek in Powell 
County. No fossils other than conodonts 


occur in the Plum Creek, but conodonts are 
fairly common. The conodont fauna is iden- 
tical with that of the Brassfield dolomitic 
limestone, and we propose to call the clay 
the Plum Creek member of the Brassfield 
formation. Foerste (1931, pp. 172-173) 
placed it in the Medinan with the Brass- 
field, but later (1935, p. 189) placed the 
Plum Creek in the Clinton. The Brassfield 
formation is here considered to consist of 
the Brassfield dolomitic limestone, including 
the Whitfieldella bed, and the Plum Creek 
clay member. 

The Silurian formations on the eastern 
flank of the Jessamine Dome are overlapped 
by Devonian strata. South of the dome, the 
Devonian rests upon the Richmond; near 
Winchester, Clark County, upon the Brass- 
field. Northward, and eastward, the De- 
vonian rests upon successively higher mem- 
bers of the Crab Orchard; the Oldham lime- 
stone at White’s Station, the Lulbegrud near 
Brassfield, the Waco near Clay City, and 
the Estill near Waco. The basal bed of the 
Devonian at many places is the Kiddville 
fish bed, a sandy phosphatic limestone con- 
sisting in large part of elasmobranch teeth 
and shagreen granules, arthrodiran plates, 
and eroded conodonts. One must be careful 
in collecting Silurian samples to avoid con- 
tamination from Kiddville float. 

Conodonts of Silurian age have been 
described in print from but one horizon and 
locality, the Bainbridge limestone of Perry 
County, Missouri. The Brassfield formation 
has yielded conodonts from every locality 
and horizon sampled in Kentucky. Cono- 
donts have been collected in small numbers 
from the Osgood formation in Indiana, from 
the Oldham limestone in Kentucky, and 
from a clay of uncertain stratigraphic posi- 
tion in the Silurian a few miles north of 
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Irvine, Estill County, Kentucky. We pro- 
pose to describe these higher faunas after 
additional collecting and stratigraphic work 
has been completed. 


OZARKODINA sp. 
Plate 81, figure 1; plate 82, figures 45, 46 


Only about 20 specimens of Ozarkodina 
have been collected by us and they are too 
imperfect for specific description. They are 
not likely to prove of value for correlation 
purposes. ' 

Figured specimens.—University of Mis- 
souri, C671-4, C683-4. 

Occurrence-—Brassfield formation, locali- 
ties 1840, 1923, and 1970. 


SPATHOGNATHODUS PRIMUS 
(Branson and Mehl) 


Plate 81, figure 2; plate 82, figures 29, 36, 37 


Spathodus primus BRANSON AND MERL, 1933, 
Univ. Missouri Studies, vol. 8, p. 36, pl. 
3, figs. 25-30. 


Ten fragmentary and two nearly com- 
plete specimens have been collected from 
the Brassfield. No significant difference 
from Bainbridge specimens appears, al- 
though the fragmentary conditions of the 


specimens makes identification doubtful. 
The summits of the denticles in one speci- 
men are even, whereas some of those in the 
Bainbridge specimens project one-third 
their length above the others. However, if 
three of the longer denticles of figure 28 of 
the Bainbridge specimens were broken the 
rest would appear as even as those of the 
Brassfield specimens. One small Brassfield 
specimen has summits as irregular as those 
of some of the Bainbridge specimens. 

This species is one of the most abundant 
in the Bainbridge but is rare in the Brass- 
field. 

Figured spectmens—University of Mis- 
souri C673-5, C678-1, C673-4. 

Formations and localities—Brassfield for- 
mation, location 1786, 1799, and 1840. 
Plum Creek member, locality, 1828. 


IcRIODINA Branson and Branson, n. gen. 


Platform-like dental units with blunt, 
irregular node-like denticles which occupy 
most of the oral area and are connected 
crosswise and lengthwise by low -narrow 
ridges. Sides below the denticles flaring 
outward slightly and very thin near the 
margins. Units spindle-shaped in oral view, 
in young specimens, becoming compara- 
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tively broader and nearly rhomboid in old 
age. Aboral side with a depression like 
the inside of a narrow rowboat, but 
triangular in cross sections in some speci- 
mens. 

Genotype.—Icriodina trregularis Branson 
and Branson, from the Brassfield of Ken- 
tucky. 

This genus differs from Jcriodus in the 
irregular, node-like denticles, never in three 
rows, and the shallow aboral depression 
which lacks the narrow deepening of Jcrio- 
dus in the median line and has a nearly cir- 
cular pit near the middle of the median line. 
The depression does not widen abruptly at 
one end but narrows slighcly at the wider 
end of the unit. It differs from Scyphiodus 
in the more massive irregular denticles in 
two rows, in the cross and lengthwise 
ridges connecting the denticles, in the taper- 
ing to both ends, and in the lack of a distinct 
cusp at the posterior end with a cavity be- 
neath it. 


ICRIODINA IRREGULARIS 
Branson and Branson, n. sp. 
Plate 81, figures 3-11; 18, 19 


Dental unit the size of ordinary Icriodus; 
an average specimen is .7 mm. long, .4 mm. 
wide, and .15 mm. high; somewhat heavier 
than icriodids. 

Dentition irregular, consisting of two 
rows of nodes near the middle, one node at 
one end and one or two nodes at the other 
end in the median line. Nodes elongated 
across the dental unit, coalescing in the 
middle in many specimens, In some speci- 
mens a third node occurs in the median 
line, in others the nodes are so irregular as 
to form no definite pattern, and in some they 
are so united as to seem like one irregular 
ridge. Most dental units are nearly straight 
along the median line but some are gently 
curved. 

Aboral side forming a depression like the 
inside of a canoe, very narrow and shallow 
at one end, greatest depth near midlength 
where a narrow pit is deeper than the rest 
of the depression. Few specimens of the 98 
examined show the back end of the depres- 
sion with a complete rim. 

The irregularity of the denticles might 
warrant making several species but as this 
type is unknown in other formations all 
varieties are included in one species. 


Remarks.—This is one of the most useful 
of the conodonts as it is easily recognized, 
abundant, and has not been reported from 
any formation excepting the Brassfield. 
Upper Ordovician conodonts are known 
from many localities in Missouri, Kentucky, 
Indiana, Tennessee, Ohio, New York, 
Wyoming, Ontario, and Oklahoma and no 
genus closely resembling Jcriodina has been 
found. Middle Silurian conodonts are known 
from Missouri, Kentucky, and Tennessee 
but no icriodinids have been reported. 

Holotype.—University of Missouri C671-5 
paratypes, C671-1, C671-2, C671-3, C671-4. 

Occurrence.—Brassfield formation, locali- 
ties 1786, 1788, 1840, 1841, 1923, and 1970. 


TRICHONODELLA BRASSFIELDENSIS 
Branson and Branson, n. sp. 
Plate 81, figures 12-17; plate 82, figures 
39, 47 and 49 


Lateral bars short, straight, forming an 
angle of about 67 degrees where they join 
the main denticle, shallowly grooved length- 
wise with grooves continued into a shallow 
conical excavation beneath the main den- 
ticle, walls of bars thick. Two or more 
short denticles on each bar, widely spaced 
to confluent at base. 

The main denticle has a sharp posterior 
carina for its entire length or most of its 
length. A carina extends from the left bar 
about half to three-fourths the length of the 
main denticle along the anterior edge; a low 
sharp carina extends on the right side half 
to three-fourths of the length of the main 
denticle. The posterior bar is high and forms 
a narrow shallow inverted trough with 
thick sides. The bar has several (four or 
more) confluent denticles on the upper side. 
(The holotype has three but one or more is 
missing.) 

Remarks.—T. brassfieldensis differs from 
T. carinata in the absence of an excavation 
between the carinae, in the higher posterior 
extension with more denticles on it, and in 
the sharp posterior edge of the main denticle 
extending its entire length, or nearly so, in 
the small angle between the bars, and in 
the lack of symmetry of the entire dental 
unit. 

Holotype.—University of Missouri C683- 
3; paratypes (C672-1, C672-2, (C672-3, 
C678-5, C683-2, C679-2. 
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Occurrence.—Upper Brassfield, localities 
1784, 1826, 1840, and 1970. 


TRICHONODELLA? EDENTATA 
Branson and Branson, n. sp. 


Plate 81, figure 28; plate 82, figures 40, 44,48 


These teeth are broader and lower than 
in other species of Trichonodella and the 
bars are wider and the sides so thin that 
some of them cave in. The backward pro- 
jecting bar is short and the sides are broad 
and thin. There are no denticles on the 
lateral bars and none on the back bar. 

Remarks.—Only three specimens, other 
than fragments, have come to the attention 
of the writers. The specimens do not fit the 
generic description of Trichognathus as 
denticles are lacking and the discovery of 
more specimens may make the creation of a 
new genus desirable. 

Holotype-—University of Missouri C684- 
1; paratypes C684-1 and C674-1. 

Occurrence.—Brassfield formation, locali- 
ties 1923 and 1970. 


TRICHONODELLA CARINATA 
Branson and Branson, n. sp. 
Plate 82, figures 26, 27, 32, 33, 34 


Lateral bars short, straight, forming an 
angle of about 60 degrees where they join 
the main denticle, deeply grooved length- 
wise with grooves continued into a conical 


excavation beneath the apical denticle, 
walls thin, each with two or more short 
flattened discrete denticles. 

Main denticle carinate on left lateral face 
and on the back near base, excavated be- 
tween the lateral carina and the back carina, 
a small carina on the right side. Main den- 
ticle long, slender, recurved; base produced 
backward into a short denticulate bar with 
thin flaring sides that connect with the 
lateral bars. The denticulate bar is so weak 
that it is missing from most specimens and 
the denticles are rarely preserved. 

Remarks.—T. carinata may be distin- 
guished from all other described forms of the 
genus by the carinae and the excavation 
between them. Not more than two denticles 
have been found on the lateral bars but one 
or two may have been broken away. The bar 
denticles are farther apart than in any 
hitherto described species. Many broken 
specimens with only the central denticle and 
parts of one bar have been found. 

Holotype.—University of Missouri, C677- 
4; paratypes C677-1. 

Occurrence.——Brassfield formation, local- 
ity 1826; Plum Creek member, locality 1787. 


DREPANODUS SIMPLEX 
Branson and Branson, n. sp. 
Plate 81, figures 24, 25, 26; plate 82, figure 38 


The dental units are simple, composed of 





EXPLANATION OF PLATE 81 
All figures enlarged approximately 25 diameters. All specimens are in the collections of the Uni- 


versity of Missouri. 


Fic. 1—Oszarkodina sp. Lateral view, C671-4, loc. 1923. (p. 550) 
2—Spathognathodus primus Branson and Mehl. Lateral view of a hypotype, C673-5, loc. 1786. 


(p. 550) 


3-11, 18, 19—Icriodina irregularis Branson and Branson, n. sp. 3, #—Lateral views of holotype, 
C671-5, loc. 1923. 5-11—Oral views of paratypes, C671-1, loc. 1785 and C671-2, loc. 1923. 


18 and 19—Aboral and oral views of holotype, C671-5, loc. 1923. 


(p. 551) 


12-17—Trichonodella brassfieldensis Branson and Branson, n. sp. 12, 16, 17—Back views of 
three paratypes, C672-1, loc. 1826, C672-2, loc. 1840, C672-3, loc. 1826. 13, 14, 15—Left 
sides of three paratypes, C672-2, loc. 1840. (p. 551) 
20—Acodus curvatus Branson and Branson, n. sp. Lateral view of holotype, C672-4, loc. 1923. 


(p. 554) 


21-23, 27, 29-33, 36-41—Distomodus kentuckyensis Branson and Branson, n. sp. 40, 41— 
Lateral views of holotype, C675-1, loc. 1970. 21, 22—Lateral views of a paratype, C672-5, 
loc, 1928. 23, 27—Lateral views of two paratypes, C673-1, C673-4, loc. 1826. 29-33—Lat- 
eral views of three paratypes, C674-3, loc. 1927, and C675- 4, loc. 1785. 36, 37—Lateral 
views of a paratype C674-4, loc. 1970. 38, 39—Lateral views of two paratypes, C674-5, 


loc, 1826, C675-2, loc. 1826. 


(p. 553) 


24, 25, 26—Drepanodus simplex Branson and Branson n. sp, 24—Lateral view of a paratype, 


C673- 3, loc. 1840, 25, 26—Lateral views of the holotype, C673-3, loc. 1784. (p. 552) 
28—Trichonodella (?) edentata. Back view of a paratype, C674-1, loc. 1923. (p. 552) 
34, 35—Genus nov. Lateral views of the only specimen that the writers have seen, C677-3, 


loc. 1826. 


(p. 555) 
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one denticle and an expanded base. The 
denticle is circular in cross section and ta- 
pers almost uniformly from base to tip. The 
basal flare seems to be almost uniform on 
all sides but is so fragile that much of it has 
been broken away from all specimens ex- 
amined. The depression below the denticle 
is shallow. The slight curvature of the den- 
ticle near the base distinguishes this species 
from Ordovician species. 

Holotype-—University of Missouri C673- 
3; paratypes, C681-3, C681-5. 

Occurrence.—Brassfield formation, locali- 
ties 1784, 1785, 1826, 1840. 


Distomopus Branson and Branson, n. gen. 


Dental units are simple, curved or straight 
cones, with sharp or blunt anterior and 
posterior margins. One side nearly flat to 
gently convex in cross section, convex 
longitudinally; the other side gently con- 
vex in middle in cross section, gently con- 
cave longitudinally but curving out strongly 
near base. Outline of base triangular, one 
side of the cone turning in abruptly from the 


the convexity to a plane to form one edge of 
the triangle. The front margin projects 
downward as a fragile prong but in most 
specimens this has been broken away. A 
depression, shaped like a hollow triangular 
pyramid, extends one-fourth to one-fifth the 
length of the cone from the base. 

Genotype.—Distomodus kentuckyenstis 
Branson and Branson. 


DISTOMODUS KENTUCKYENSIS 
Branson and Branson, n. sp. 
Plate 81, figures 21-23, 27, 29-33, 36-41 


The generic description covers nearly all 
specific characters. Many specimens show 
faint lines across the front margin indicating 
its division into denticles and some speci- 
mens have a fairly serrate margin. All mar- 
gins of the base are slightly concave. 

Holotype-—University of Missouri C675- 
1; paratypes, (672-5, (C673-4, (C674-3, 
C674-4, C674-5, C575-4. 

Occurrence.—Brassfield formation, locali- 
ties 1799, 1840, 1970. 





EXPLANATION OF PLATE 82 


All figures enlarged approximately 25 diameters excepting 35 which is about 33 diameters. All 
specimens are in the collections of the University of M‘ssouri. 


Fics. 1-5 and 23, 24—Paltodus acostatus Branson and Branson, n. sp. J-3—Paratype, C675-3, loc. 


1826. 4, 5—Paratype, C675-5, loc. 1799. 23, 24—Holotype, C676-4, loc. 1923. 


(p. 554) 


6-8, 11-22--Paltodus unicostatus Branson and Mehl. 6-7—Hypotypes, C674-2, loc. 1799. 8— 
Hypotype, C676-2, loc. 1784. 11, 14-16—Hypotype, C676-3, loc. 1841. 17, 18, 19—Hypo- 
type, lateral and back views, C677-2, loc. 1787. 20, 21, 22—Lateral and back views, C670-5, 


loc. 1787. 14, 15, 16—Lateral views of two hypotypes, C676-3, loc. 1841. (p. 554) 

9, 10, 41, 43—Acodus unicostatus Branson and Branson, n. sp. 9, 10, 43—Paratypes, C678-1, 
loc. 1785. 41—Holotype, C678-3, loc. 1784. (p. 554) ; 
25, 50—Genus nov. Views of two specimens, opposite sides, C677-5, loc. 1826. (p. 555) : 
26, 27, 32, 33, 34—Trichonodella carinata Branson and Branson, n. sp. 26, 32, 33—-Back and two 

lateral views of two paratypes, C677-1, loc. 1826, 27, 34—Back and front views of holotype, 

C677-4, loc. 1826. (p. 552) 

28, 35—Ligonodina kentuckyensis Branson and Branson, n. sp. Back views of holotype at "differ- 

ent angles, C674-5, loc. 1785. (p. 555) 

29, 36, 37—Spathognathodus primus Branson and Mehl. 29 and 37—Lateral views of two hypo- 

types, C678-1, loc. 1799. 36—Aboral view of a hypotype, C673-5, loc. 1826. (p. 550) 

30, 31—Prioniodina irregularts Branson and Branson, n. sp. 31—Back view of holotype, C678-2, 

loc. 1923. 30—Back view of a paratype, C678-3, loc. 1786. (p. 555) 

——— simplex Branson and Branson, n. sp. Lateral view of a paratype. C681- 3, loc. 

(p. 552) 

39, 47, 49—Trichonodella brassfieldensis Branson and Branson, n. sp. 39—Paratype, left side 

with one bar missing and posterior bar imperfect, C683-2, loc. 1970. 47—Back view of holo- 

type, C683-3, loc. 1970. 49—Back view of an imperfect paratype, C683-3, loc. 1970 (p. 551) 

40, 44, 48—Trichonodella? edentata Branson and Branson n. sp. 40—Another view of the speci- 

men shown on Plate 81, fig. 28, C674-1, loc. 1923. 48—Back view of holotype, C684-1, loc. 

1970. 44—Back view of an imperfect paratype, C684-1, loc. 1970. (p. 552) 


42—Hindeodella fragment, C680-5, loc. 1786. (p. 554) 
. 550) 


45, 46—Ozarkodina sp. Lateral views of two imperfect specimens, C683-4, loc. 1970. 
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PALTODUS UNICOSTATUS 
Branson and Mehl 
Plate 82, figures 6-8, 11-22 
Paltodus unicostatus BRANSON and MEHL, 1933, 

Univ. of Missouri Studies, vol. 8, p. 42, pl. 3, 

fig. 3. 

Teeth of Paltodus are abundant in the 
Brassfield but most of them have been 
crushed so that they are thinner than 
ordinary writing paper. The specimen shown 
in figure 6 seems to retain its original shape 
which is almost identical with that of the 
non-crushed Bainbridge forms. Branson and 
Mehl had only a few specimens from the 
Bainbridge but many occur in the Brass- 
field. The specimens vary greatly and more 
than one species may be present. More than 
100 specimens have been studied by the 
authors. 

Hypotypes.—University of Missouri C674- 
2, C676-2, C676-3, C677-2. 

Occurrence.—Brassfield formation, locali- 
ties 1786, 1799, 1840, and 1841. 


PALTODUS ACOSTATUS 
Branson and Branson, n. sp. 
Plate 82, figures 1-5, 23, 24 


The only distinct differences between the 
various species of Paltodus are the costae on 
the surfaces, the shape of the tooth, and the 
shape and extent of the hollow in the tooth. 
P. acostatus is evenly curved from base to 
tip, narrows symmetrically outward, has no 
costae, and has a symmetrical hollow which 
occupies most of the tooth. Figures 1, 2, and 
4 have been retouched to show the shape of 
the hollow. The teeth are fragile and most 
of them have been so crushed that the hollow 
has collapsed. 

Holotype.—University of Missouri, C676- 
4; paratypes, C675-3, C675-5. 

Occurrence.—Brassfield formation, locali- 
ties 1799, 1826, and 1923. 


ACODUS UNICOSTATUS 
Branson and Branson, n. sp. 
Plate 82, figures 9, 10, 41, 43 


Blade slightly and evenly curved, cross 
section at base nearly an obtuse scalene 
triangle with angles of about 120, 50, and 
10 degrees. The wide side is very slightly 
convex transversely. The back edge of the 
blade is set off as a high narrow keel froma 
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short distance above the base to mid- 
length. The obtuse angle pinches in to form 
slightly concave sides in the lower part of 
the blade. On the convex side a shallow 
depression parallels the front edge and helps 
to form a low keel along it. A round-topped 
keel runs part of the length of the blade back 
of the shallow depression and suggests the 
specific name. The variation in section is 
from gentle convexity to a convex surface 
with a rounded keel near the front. A cone- 
shaped depression extends from the base to 
about one-third to half the height of the 
blade. (See figure 10.) 

Holotype.—University of Missouri, C678- 
3; paratypes University of Missouri, C678-1. 
The specimens vary greatly among them- 
selves and some of them cannot be distin- 
guished from Acodus bicostatus Branson and 
Mehl,*from the Bainbridge. As the walls are 
thin, nearly all specimens were flattened by 
crushing. 

Occurrence.—Brassfield formation, locali- 
ties 1799, 1826, and 1840. 


ACODUS CURVATUS 
Branson and Branson, n. sp. 
Plate 81, figure 20 


Blade abruptly curved backward about 
mid-length, the upper part forming an angle 
of about 100 degrees with the lower part. 
One side of the blade is slightly convex, the 
other side strongly convex. The back of the 
blade is a rather sharp keel for the lower 
half, evenly rounded for the outer half. The 
base is hollow, the margins forming an al- 
most symmetrical biconvex lens with one 
side slightly more convex than the other. A 
low cone-shaped depression extends from 
the base a little more than half the height 
of the blade. 

Holotype.—University of Missouri, C672- 
4, 

Occurrence.—Brassfield formation, local- 
ity 1923. 


HINDEODELLA sp.? 
Plate 82, figure 42 


Only two specimens of Hindeodella, both 
small fragments, were recovered with the 
more than 1000 specimens of other genera 
collected from the Brassfield. This may 
have some significance connected with the 
postulate of Scott that Hindeodella teeth 
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formed part of the dentition of several 
genera. 

Figured specimen.—University of Mis- 
souri C680-5. 

Occurrence.—Brassfield formation, local- 
ity 1786. 


NEw GENUS A 
Plate 81, figures 34, 35 


Only one specimen of this kind is known 
to the writers. It is distinctive but some 
parts may be missing. The downward pro- 
jecting part on the right of figure 34 seems 
to contain four suppressed denticles. The 
extreme lower left corner also may contain 
suppressed denticles. 

Figured spectmen.—University of Mis- 
souri, C677-3. 

Occurrence.—Brassfield formation, local- 
ity 1826. 


NEw GENus B 
Plate 82, figures 25 and 50 


Two specimens of this genus have been 
found. They are more massive than most 
conodonts and have not been crushed in the 
way that most specimens have. It does not 
seem worthwhile to name or attempt to 
describe them as a new genus. 

Figured specimen.—University of Mis- 
souri, C677-5. 

Occurrence.—Brassfield formation, local- 
ity 1826. 


LIGONODINA KENTUCKYENSIS 
Branson and Branson, n. sp. 
Plate 82, figures 28, 35 


Cross section of main denticle ovoid, more 
strongly convex on the outer than on the 
inner side. One minute carina on the main 
denticle opposite each bar (only the basal 
part of the main denticle preserved in the 
specimens studied). The antero-inferior bar 
projects downward only slightly out of line 
with the main denticle and tapers to a nar- 
row spatulate tip. The holotype bears four 
denticles, ovoid in cross section, the outer 
one smallest. The posterior bar forms nearly 
a right angle with the main denticle and 
with the other bar. Its first denticle is near 
the main denticle and is very small; the 
second is much larger (others broken away). 

Remarks.—Only one specimen complete 
enough for even partial description has been 


found, but several identifiable fragments 
are in our collections. This species differs 
from all others, excepting P. delicata Bran- 
son and Mehl, in the shortness of the antero- 
inferior bar. From P. delicata it differs in 
that the first denticle of the posterior bar is 
much nearer the main denticle, the other 
denticles and the entire dental unit being 
much more robust. 

The photograph of the specimen shown 
in figure 28 was made after it was broken. 
The photograph of the specimen shown in 
figure 35 was made with the posterior bar 
at right angles to the position of the bar as 
shown in figure 28 and is more greatly en- 
larged. 

Holotype.—University of Missouri C674- 


Occurrence.—Brassfield formation, locali- 
ties 1785 and 1826; Plum Creek member, 
locality 1787. 


PRIONIODINA IRREGULARIS 
Branson and Branson, n. sp. 
Plate 82, figures 30, 31 


Base blade-like, with thin aboral edge, 
except for a flattening inside the main 
denticle. Symmetrically arched with both 
blades straight. One blade two to three 
times as long as the other. Denticles of 
longer blade three (possibly four in some as 
the extreme end is not preserved in any of 
our specimens), circular to oval in cross sec- 
tion, discrete in most specimens, but united 
at the base in some. The shorter blade bears 
two denticles. Main denticle more than 
twice as long as the others, subcircular in 
cross section, inclined slightly inward. 
Aboral edge of thlades with grooves that 
deepen and widen to beneath the main 
denticle where they unite to form a sharp- 
tipped, cone-shaped depression with the tip 
about one-third the height of the denticle 
from the base. 

This form has shorter blades and fewer 
denticles than any other described species. 
The denticles are not so distinctly inclined 
in one direction as usual in the genus. 

Holotype——University of Missouri C678- 
2; paratypes, University of Missouri C678-3, 
C683-2. 

Occurrence.—Brassfield formation, locali- 
ties 1826, 1923, and 1976. 
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LIST OF BRASSFIELD LOCALITIES 


Brassfield dolomitic limestone 


1784 and 1826—West part of the village of 
Waco, Madison County, Kentucky, on 
Kentucky State Highway 52. 

1786—On Kentucky Highway 52, 3 miles 
east of Waco, Madison County, Kentucky 

1799—On United States Highway 25, 4 
miles north of Berea, Madison County, 
Kentucky. 

1788—On United States Highway 25, 3 
miles north of Berea, Madison County, 
Kentucky. 

1840—One half mile north of Red River 
bridge on Kentucky Highway 89, Clark 
County, Kentucky 

1841—On Kentucky Highway 89 just north 
of Hargett, Estill County, Kentucky 

1923—Cliff on west side of Highway 11 just 
north of Levee, Montgomery County, 
Kentucky 

1970—Two miles east of College Hill in 
road cut near top of hill east of valley, 
Madison County, Kentucky 


Plum Creek clay member of Brassfield 
formation 
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1787—Cut on hill road north of Kentucky 
Highway 52, 4 miles east of Waco, Madi- 
son County, Kentucky 

1827—Creek bank in village of Waco, 
Madison County, Kentucky 

1828—On dirt road along Plum Creek 33 
miles southwest of Clay City, Powell 
County, Kentucky 
The locality numbers are those used for 

the conodont collections of the University 

of Missouri. 
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THE GENUS ENDOTHYRA 


HAROLD W. SCOTT, EDWARD ZELLER AND DORIS NODINE ZELLER 
University of Illinois, and University of Kansas 





ABsTRACT—Endothyra has three primary wall layers: the tectum, diaphanotheca 
and tectorium; and a secondary layer, the outer tectorium. Pore-canals are present. 
Coiling is complex and is described. Variously oriented sections are termed hori- 
zontal axial, vertical axial, oblique axial, and transverse. Relationship between 
Endothyra and fusulinids is suggested by the wall structure. 





"Spang is one of the most widely 
known fossil names in geology. It has 
been listed in geological literature for a 
hundred years, and has been repeatedly 
cited in textbooks as an example of an early 
rock-building foraminifer. In spite of the 
many references to this common genus, 
there is a dearth of information concerning 
the internal structure and the symmetry of 
its test. 

The variable appearance of sections of 
Endothyra baileyi attracted our attention 
to its symmetry. Although early attempts 
to produce identical’ sections met with 
failure, we surmised that the observed dif- 
ferences are not of biological significance, 
but probably the result of variable orienta- 
tion of the sections. 

A large number of specimens have been 
studied from the Spergen of Indiana, the 
Ste. Genevieve of Illinois, the lower Amsden 
of Montana, and the Madison of Wyoming. 
The genus has been reported from many 
other formations in America and from 
many other parts of the world. It is espe- 
cially characteristic of the Mississippian and 
Pennsylvanian. 

Grateful acknowledgement is made to 
Dr. C. L. Cooper for furnishing samples of 
Ste. Genevieve limestone containing Endo- 
thyra. 


HISTORICAL REVIEW 


The first reference to Endothyra was made 
by Brown (1843) who apparently obtained 
permission to publish the description of a 
new genus that Phillips had discovered 
prior to the appearance of the latter’s ar- 
ticle in 1846 “On the Remains of Micro- 
scopic Animals in the Rocks of Yorkshire.”’ 
Brown gave credit to Phillips, and desig- 
nated Endothyra bowmani as the genotype. 


According to the Rules of Nomenclature 
(see Article 21) Phillips is the author of the 
name Endothyra. 

Unfortunately, the specimens figured by 
Brown and by Phillips do not belong to the 
same species and probably not even to the 
same genus. The figure accompanying 
Brown’s generic description is a sagittal 
section of a form very similar to Millerella 
Thompson. It shows a tightly coiled speci- 
men of 33 volutions with 10, 16 and 18 
septal chambers in the first, second and 
third volutions. It has little similarity to 
Phillips’ figure of Endothyra. Brown’s 
(1843) description follows: 


ENDOTHYRA—Phillips 

Generic character.—Shell involute, discoical, 
internally concamerated, the chambers commu- 
nicating by a large perforation; the septa ar- 
ranged in stellated orcer; their emarginaticns on 
the inner part of their disk; destitute of any shelly 
siphuncle. Form of the septal edge unknown. 
Size, one fiftieth of an inch. Endothyra bowmani. 
Plate VI., fig. 2. Found in the Mountain limestone 
of Westmcreland. 


Phillips’ (1846) description adds little to 
Brown's: ; 


Endothyra bowmani: 

Amongst these fossils I distinguish a beautiful 
concamerated (Fig. 1) shell, most probably a 
Foraminifer, with a large opening in each septum, 
on the interior edge. Formerly I saw in the posses- 
sion of Mr. John E. Bowman a specimen of this 
kind, visible to the naked eye, and named it 
Endothyra bowmani. The volutions are swollen ex- 
ternally between the septa. 


Nothing in either description denotes 
similarity or important differences: between 
the specimens. Both mention the ‘“con- 
camerated”’ nature of the shell. Perhaps 
both Brown and Phillips described the 
same specimen, but certainly they il- 
lustrated different ones. Following Article 
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21 of the Rules we consider the figure pub- 
lished by Phillips to be the valid original 
illustration of the genotype of Endothyra. 

Henbest (1931) has given a very detailed 
description of the structure of Endothyra 
batleyi. Among other features he recognized 
the asymmetry of coiling, but questioned 
the occurrence of pores in the shell wall. 


DESCRIPTION 
ENDOTHYRA—Phillips, 1846 
Endothyra Phillips, 1846, Rept. Proc. Geol. Poly. 

Soc. West Riding Yorkshire, vol. 2, p. 277, pl. 

7, fig. 1. 

Test unormanented, usually involute, 
chambers large, simple; coiling endothyroid, 
aperture simple, crescentic; walls arena- 
ceous, fusulinellid, consisting of tectum, 
diaphanotheca, and tectorium; outer tec- 
torium, a secondary deposit, common. 


ENDOTHYRA BAILEYI (Hall) 


Plate 83, Figs. 1-6, Plate 84, Figs. 


Rotalia baileyi ee 1858-1864, Trans. 
Institute, vol. 4, p. 34. 

Endothyra baileyi W hitfield. 1882, Bull. Amer. 
Mus. Nat. Hist., vol. 1, no. 3, p. 40, pl. 9, Figs. 
34-36. 

Endothyra baileyi Henbest, 1931, Cont. Cushman 
Lab. for Foraminiferal Research, vol. 7, pt. 4, 
pp. 90-93. 

Wall Structure—Endothyra baileyi ex- 
hibits typical fusulinellid wall structure. 
Three distinct parts of the wall can be 
distinguished: an outer dark layer, the tec- 
tum; a clear, intermediate layer, the dia- 
phanotheca; and an inner dark layer, the 
tectorium. The tectum is a very narrow 
dark band, approximately one-tenth of the 
total wall thickness. It is usually missing on 
the outer surface of the spirotheca but is 
often well preserved on the septa (See Fig. 
4, pl. 83). At the junction of septa and spir- 
otheca, the tectum is brought into direct 
contact with the diaphanotheca and the 
tectorium. 

On the outer side of the tectum is a sec- 
ondary deposit or fourth layer, sometimes 
termed the outer tectorium. This deposit 
could not have been formed simultaneously 
with the inner tectorium because at that 
time the tectum was the exterior surface of 
the shell. Therefore, the tectum, the dia- 
phanotheca, and the tectorium should be 
considered the primary units of wall struc- 
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ture. The secondary layer, deposited upon 
the tectum of the preceding volution, does 
not belong to the primary wall structure. 

The secondary layer on the chamber 
floors rises periodically to form a series of 
small anteriorly directed hooks. These seem 
to be paired in each chamber and enclose a 
tunnel in the plane of coiling as do the cho- 
mata of the fusulines. They attain a maxi- 
mum length equal to about three-fourths of 
the chamber height. They are believed to be 
present in all chambers and, in uncontrolled 
sections, have been observed as far back as 
the second volution. 

The diaphanotheca is a thick band which 
appears, upon first observation, to be com- 
posed of clear calcite. Under high magnifi- 
cation, however, it is observed to be filled 
with numerous, closely packed, very fine 
dark lines oriented at right angles to the 
epitheca and separated by broader bands of 
colorless calcite. These, we believe, are pore 
canals which have been filled with foreign 
substance. 

Although Méller (1878) reported the 
occurrence of pores in Endothyra and showed 
them in his illustrations, Henbest (1931) 
questioned their existence. He explained the 
apparent occurrence of pores visible on the 
outer surface as resulting from the distri- 
bution of varying sized grains of calcite, the 
larger of which are more transparent. We 
are not certain that the pore canals recog- 
nized by us are the same as those reported 
by Médller. Ours are by far too small to 
show on the exterior of a slightly enlarged 
figure. 

Transverse thin sections of Endothyra 
show pore canals in the walls of all volutions. 
They continue regularly into the septa 
without change of size or distribution. Pores 
cannot be observed in all specimens. 

Coiling and Orientation.—Thin section 
studies of Endothyra baileyi reveal the man- 
ner of coiling to be more complex than was 
heretofore supposed. The spiral described by 
this species may be classified as an endo- 
thyroid spiral defined as follows: an endo- 
thyroid spiral is a three dimensional figure 
produced by a point moving in a plane so as 
to generate a logarithmic spiral while the 
plane is simultaneously rotated about an 
axis passing through the center of the 
spiral. This spiral passes through the center 
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point of each chamber in all volutions. The 
points of crossing of the spiral define the 
axis. 

Although no planes actually exist, it is 
convenient, in discussing endothyroid coil- 
ing, to refer to planes of half-volution. These 
are defined as follows: The plane of a half- 


Fic. 1—Tracing of Phillip’s original figure of 
Endothyra bowmani. 


volution is a plane tangent to the curve of 
the spiral half-volution at the axis and is 
parallel to the axis. 

Nomenclature used to describe thin sec- 
tions of fusulinids is inadequate for Endo- 
thyra. Because of its complex coiling no 
strictly axial or completely sagittal sections 
can be obtained. If a section cuts the center 
of the last chamber in the plane of coiling, it 
is sagittal in the last half-volution only and 
the remainder is a variable section mostly 
intermediate between axial and sagittal. If 
a section cuts the umbilicus at right angles 
as in the axial section in a Millerella-type 
fusuline, it is likely to show only two or 
three chambers in the last two or three 
half-volutions in axial section. Such a sec- 
tion cuts the internal volutions mostly 
intermediate between axial and sagittal. 
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In sections of Endothyra, there is only one 
datum which can be used for orientation or 
reference; that is, the axis of crossing of the 
spiral. We propose the term axial section 
for any section which lies in the plane of 
this axis. The plane of the last half-volution 
is easily determined in any free specimen. 
If an axial section is cut so that it lies also 
in the plane of the last half-volution we 
propose that it be termed a_ horizontal 
axial section. If an axial section is cut at 
right angles to the plane of the last half- 
volution we propose that it be termed a 
vertical axial section. Any axial section 
neither in the plane of the last half-volution 
nor at right angles to it is an oblique axial 
section. The only other possible standard 
section cuts the proloculus at right angles 
to the axis and we propose that this be 
termed a transverse section. In a transverse 
section the chambers all appear in cross- 
section, septa are not visible, and it is 
possible to measure the angles between 
half-volution planes. 

It is possible to see the axis only in evolute 
forms of Endoythra and transverse sections 
are very difficult to obtain. Almost equally 
difficult to prepare are truly vertical axial 
sections but horizontal axial sections can be 
obtained easily and in great numbers. 

Chambers.—Four and one-half to five 
volutions are present in adult specimens and 
the number of chambers in the last volution 
varies from eight to ten. Volutions can be 
counted readily in transverse section, but 
counts based on more easily obtained hori- 
zontal axial sections are difficult because of 
the manner of coiling. In these, counting 
must start from the last chamber and be 
continued inward toward the proloculus, 









EXPLANATION OF PLATE 83 
- Morphology of Endothyra baileyi 
Fics. 1, 3, 5—Photographs of a plastic model made to show the coiling of Endothyra baileyi. 1. Viewed 


from top of last chamber, in vertical axial orientation. 3. Last ctamber above, viewed 
parallel to axis showing planes of half-volution cross each other. 5. Last chamber above, 


viewed at right angles to axis. 


2—Diagrammatic sketch showing relations of tectum, diaphanotheca, tectorium, and secondary 


deposits. 


4—Greatly enlarged photograph of specimen showing wall structure. (100) Note manner in 
which septa are joined to spirotheca and presence of tectum on septum to left. Pore canals 


faintly visible in most parts of section. 


6—Enlarged photograph showing the secondary deposits rising as hooks from surface of next 
to last volution with connecting layer of outer tectorium. (X75) Pore canals visible in 


part of section, 
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Fic. 2—Graph showing relationship between 
height ot chambers and inter-septal distance in 
Endothyra baileyt. 


reversing the procedure used for the fusu- 
linids, and it can be only approximate. 
Areas showing transversely cut chambers 
must be taken into account carefully but 
with the aid of a plastic model of an endo- 
thyroid spiral this can be done quite ac- 
curately. 

The height of chambers increases rather 
uniformly from the oldest to the penulti- 
mate chamber but with few exceptions, the 
last shows a decrease in height. The inter- 
septal distance also increases uniformly 
with the notable exception that chambers 
six and seven show a striking change. 
Chamber seven is the same length as eight 
and six is slightly shorter. This anomaly 
occurs at the point of crossing of the spiral, 
where the septa are shortened and the con- 
vexity of the chambers is increased. The 
length of the last chamber, also, is less than 
that of its predecessor. 

Except for the length of chambers six and 
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seven, the inter-septal distance changes in 
direct ratio with the height of chambers. 
This aids in locating the axis in a horizontal 
axial section and in finding the exact begin- 
ning of the last volution so that its chambers 
can be counted. If the last chamber occurs 
at the pole of the axis, the specimen will be 
elongate. Because others are differently 
shaped, this explains the variation so often 
observed among individuals of a species. 


RELATIONS TO FUSULINIDS 


It has often been suggested that Endo- 
thyra is the ancestor of the fusulinids. There 
are arguments both for and against. this 
suggestion but our investigation indicates 
that the relationship is very close. 

Endothyra possesses many characteristics 
similar to those of the fusulinids, particu- 
larly the fusulinellid wall consisting of tec- 
tum, diaphanotheca, and inner tectorium. 
The secondary layer or outer tectorium also 
bears structures comparable to the chomata 
and encloses a narrow tunnel as in the fusu- 
linids. 

The presence of chomata in Endothyra 
indicates that this type of secondary sheli 
material was formed long before the ap- 
pearance of the fusulinids. Dunbar and 
Henbest (1942) believe the family Fusulini- 
dae was derived from a form that had no 
chomata. This belief is based on the fact 
that chomata is a deposit of secondary 
origin, but this does not rule out Endothyra 
as the ancestor. Prehaps the ancestor of 
Endothyra was without chomata. 

The pores in the wall of Endothyra are 
similar to those of the fusulinellid type. 
They are closely spaced slender tubes and 
can be observed in only a few well preserved 
specimens. Septal pores were not observed, 
but this may be due to inadequate investi- 
gation. 

The juvenaria of several fusulinid genera 
are known to be asymmetrical and are often 
called endothyroid. In applying the term 





EXPLANATION OF PLATE 84 
Endothyra baileyi (Hall) 


All specimens are from the type locality of the Spergen limestone at Spergen Hill, Indiana. (36) 
Fics. 1-4, 6-7, 9-11—Horizontal axial sections. 4. Note hooks in last three chambers, 6. Elongate 
specimen with last chamber at pole of axis. Proloculus well shown. 7. Last chamber midway 
between poles of axis. Contrast shape with last. Proloculus well shown. 
5, 8—Vertical axial sections. Note change in plane of sections. 
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endothyroid to the juvenarium of a fusuline 
we must first know whether the plane of 
coiling is the same as that found in Endo- 
thyra. In general, usage of the term has 
meant merely asymmetrical, and it is not 
certainly known that any fusulinid possesses 
a true endothyroid juvenarium. This sub- 
ject has not been carefully investigated, but 
a study of the plane of coiling of the jevun- 
aria of such genera as Fusiella, Schubertella, 
and Eoschubertella might yield important 
information. 

Dunbar and Henbest (1942) report endo- 
thyroid juvenaria in the _ microspheric 
Fusulina and Fusulinella. This type of 
juvenarium is most common in primitive 
genera. We believe that the evidence favors 
the conclusion that Endothyra is the ancestor 
of the fusulinids. The only alternative is 
that Endothyrea and the fusulinids were 
derived from a common ancestor which 
contained wall structure and symmetry of 
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coiling common to both. No such potential 
ancestor is now known. 
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CHECK LIST OF TERTIARY LARGER FORAMINIFERA 
OF JAPAN* 


SHOSHIRO HANZAWA 
Tohoku Imperial University, Sendai, Japan 





ABSTRACT—Twenty-nine species and varieties of eleven genera of Tertiary larger 
Foraminifera have been described and illustrated from Japan. Except for a few 
species from younger beds they are all from older Eocene or older Miocene deposits. 
Taxonomic notes on some species are appended. 





INTRODUCTION 


bey list is prepared in the same format 
as the check list of California Tertiary 
marine mollusca published by A. Myra 
Keen and Herdis Bentson (1944). It is an 
alphabetical catalogue, with bibliographic 
references, of all Tertiary larger foraminifera 
from Japan that have been described as new 
or that have been figured. Mere discussions 
of species or citations by name have not 
been listed. 

With the exception of one paper by Tan 
Sin Hok (1937), all literature containing 
figures and descriptions of the Tertiary 
larger foraminifera of Japan has been pub- 
lished by H. Yabe and S. Hanzawa of the 
Institute of Geology and Paleontology, 
Tohoku Imperial University. 

This paper forms part of a project initi- 
ated by Natural Resources Section, General 
Headquarters, Supreme Commander for the 


' Allied Powers for the purpose of assembling 


paleontologic data applicable to petroleum 
exploration in Japan. The paragraph on 
correlation with the Netherlands East 
Indies Tertiary sequence was added by L. 
W. Stach, Head, Petroleum Branch, Natural 
Resources Section. 


CHECK LIST 


Entries are arranged alphabetically and, 
under each name, chronologically. Each 
entry carries the following information in 
this order: generic and specific name, au- 
thor, date; bibliographic references in con- 
densed form; formation and age; exact lo- 
cality; remarks; repository. 

* Published by permission of Hubert G. 


Schenck, Lt. Col., Chief, Natural Resources 
Section. 


Interpolations in the check list by the 
compiler are enclosed in square brackets. 
These include comments and corrections of 
previous errors, latitudes and longitudes of 
all localities, names and numbers of the 
topographic maps of Japan, scale 1:50,000, 
on which the localities can be found, and 
expanded descriptions of many localities 
formerly inadequately indicated. Data not 
in square brackets are intended to be exact 
transcripts of the literature, except for 
catalogue numbers and notes on status of 
specimens where no attempt has been made 
to separate published information from that 
supplied by actual checking of specimens in 
type collections. The Institute of Geology 
and Paleontology, Tohoku Imperial Uni- 
versity, is the repository of all specimens. 


Abbreviations: Prefectures: Ak, Akita; Ao, 
Aomori; Ch, Chiba; Gi, Gifu; Gu, Gumma; 
Hi, Hiroshima; Ik, Ishikawa; Ka, Kana- 
gawa; Ku, Kumamoto, My, Miyazaki; Ni, 
Niigata; Ok, Okayama; Sa, Saitama, Sz, 
Shizuoka; Ty, Toyama; Ya Yamagata; Ym, 
Yamanashi. IGPS, Institute of Geology and 
Paleontology, Tohoku Imperial University, 
Sendai. TM, Topographic map at scale 
1:50,000. 


Acervulina inhaerens Schultze var. plana Carter. 
Hanzawa, 1931a, p. 156, pl. 26, fig. 4. Misaka, 
Lower Miocene. 300 m. N of Hitodo, Kyéwa- 
mura, Ashigara-kami-gun, Ka. [Lat. 35°23’N, 
Long. 139°04’E, TM Hadano, sheet 5953- 
III]. Hypotype, IGPS, No. 66285. 


Amphistegina radiata (Fichtel and Moll). [Nau- 
tilus}. Hanzawa, 1931a, p. 156, pl. 24, fig. 7. 
Misaka, Lower Miocene. Kayanuma, Yadorigi- 
Mura, Ashigara-kami-gun, Ka. [Limestone 
lenses crop out in valleys of Nakatsu-gawa and 
Kayanuma-gawa, at places ca. 200 m. and ca. 
50 m. respectively, upstream from the junc- 
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tion; Lat. 35°22’N, Long. 139°09’E, TM 
Hadano, sheet 5953-III]. Hypotype, IGPS No. 
66300. 


Amphistegina radiata (Fichtel and Moll]. [Nau- 
tulus]. Hanzawa, 1931a, p. 156, pl. 26, figs. 6-8. 
Misaka, Lower Miocene. [Hisari, Yamakita- 
machi, Ashigara-kami-gun, Ka; Lat. 35°21’N, 
Long. 139°05’E, TM Hadano, sheet 5953- 
III]. Hypotype, IGPS No. 66284. 


Amphistegina radiata (Fichtel and Moll). [Nau- 
tilus]. Hanzawa, 1931b, p. 167, pl. 28, fig. 11. 
Sakuma, Lower Miocene. [Yokone Pass, 
Kamihata, Koyama-mura, Kimitsu-gun, (Bés6 
Peninsula) Ch.; Lat. 35°08’N, Long. 139°52’- 
E, TM Nako, sheet 6052-II]. Hypotype, 
IGPS No. 20846. 


Carpenteria sp. Hanzawa, 1931a, p. 155, pl. 25, 
fig. 18, Misaka, Lower Miocene. The top cf a 
hill lying to the south of the O.suki Railroad 
Station, Kita-tsuru-gun, Ym. [Lat. 35°30’N, 
Long. 138°57’E, TM Yamura, sheet 5853-I]. 
Hypotype, IGPS No. 66289. 


Cycloclypeus annulatus Martin Hanzawa, 1931a, 
p. 15/, pl. 25, fig. 21. Misaka, Lower Miocene. 
300 m. N cf Hitodé, Kyéwa-mura, Ashigara- 
kami-gun, Ka. [Lat. 35°24’N, Long. 139°04’E, 
TM Hadany, sheet 5953-III]. Hypotype, IGPs 
No. 66285. 


Cycloclypeus communis Martin. Hanzawa, 1931a, 
p. 15/, pl. 26, fig. 1. Misaka, Lower Miocene. 
[Morotozawa, north of Shiwozawa_ village, 
Shimizu-mura, Ashigara-kami gun, Ka; Lat. 
35°22'’N, Long. 139°01’E, TM Hadano, 
sheet 5953-II1)]. Hypotype, IGPS no. 66286. 
[| = Cycloclypeus neglectus Martin var. eidae Tan 
Sin Hok]. 


Gypsina globula Reuss. Hanzawa, 193la, p. 156, 
pl. 25, figs. 19, 20. Misaka, Lower Miocene. 
Kuboi, Oishi-mura, Minami-tsuru-gun, Ym. 
{[Lat. 35°21’N, Long. 135°44’E, TM Kofu, 
sheet 5853-IV]. Hypotype, IGPS No. 22663. 


Homotrema rubrum (Lamarck). [Millepcra]. Han- 
zawa, 1943, p. 130, pl. 8, figs. 6, 7, pl. 9, figs. 4, 
5, pl. 10, pl. 11. Oigawa, Lower Miocene. 
[Ogami-yama, Hag ma-mura, Haibara-gun, 
Sz; Lat. 34°42’N, Long. 138°11'E, TM Kake- 
gawa, sheet 5751-III]. Hypotype, IGPS No. 
66263. 


Lepidocyclina (Nephrolepidina) angulosa Provale. 
Hanzawa, 1931b, p. 164, pl. 27, figs. 9-13. 
Lower Miocene. [Shimo-shiraiwa, Shimo-dmi- 
mura, Tagata-gun (Izu Peninsula), Sz; Lat. 
34°58’N, Long. 138°59’E, TM Shuzenji, 
sheet 5851-I]. Hypotype, IGPS No. 20844. 


Lepidocyclina (Nephrolepidina) cf. douvilléi Yabe 
and Hanzawa, 1922, p. 49, pl. 5, fig. 4, pl. 7, 
figs. 1-7. Lower Miocene. [Along bottom of 
valley of Osaka River, between Niiya and 
Abuta, north of Nakaosaka, Osaka-mura, 
Kitakanra-gun, Gu; Lat. 36°14’N, 138°45’E, 
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TM Tomioka, sheet 5855-I]. Hypotype, 
IGPS No. 66281. [New name douvilléi Yabe and 
Hanzawa, 1922, preoccupied by Prever, 1905. 
The authors substituted L. (N.) thalmanni 
(Hanzawa, 1940, p. 785). This species is now 
considered to be the microspheric form of 
Lepidocyclina (Nephrolepidina) japonica 
(Yabe)]. 


Lepidocyclina (Nephrolepidina) ferrerot Provale. 
Hanzawa, 1931a, p. 153, pl. 24, fig. 8. Misaka, 
Lower Miocene. [Hisari, Yamakita-machi, 
Ashigara-kami-gun, Ka; Lat. 35°21’N, Long. 
139°05'E, TM Hadano, sheet 5935-III]. 
Hypotype, IGPS No. 66284. 


Lepidocyclina (Nephrolepidina) glabra Rutten. 
Yabe and Hanzawa, 1922, p. 50, fig. 5, pl. 6, 
figs. 1, 2. Lower Miocene. {Along bottom of 
valley of Osaka River, between Niiya and 
Abuta, north of Nakaosaka, Osaka-mura, 
Kitakanra-gun, Gu; Lat. 36°14’N, Long. 
138°45’E, TM Tomioka, sheet 5855-1]. Hypo- 
type, IGPS No. 66281. [=microspheric form 
of Lepidocyclina (Nephrolepidina) japonica 
(Yabe)]. 


Lepidocyclina (Nephrolepidina) japonica (Yabe) 
[Orintoides]. Yabe, 1906 (in Japanese), p. 317. 
text figs. 1, 2. Lower Miocene. [Alung bottom 
of valley of Osaka River, between Niiya and 
Abuta, north cf Nakacsaka, Osaka-mura, 
Kitakanra-gun; Gu; Lat. 36°14’N, Leng. 
133°45’E, TM Tomioka, sheet 5855-1]. Speci- 
men missing, 1922. 


Lepidocyclina (Nephrolepidina) japonica (Yabe). 
[Orbitoides]|. Yabe and Hanzawa, 1922, p. 47, 
pl. 6, figs. 3, 4, pl. 7, figs. 2-5. Lower Miocene. 
[Along bottom of valley of Osaka River, be- 
tween Niiya and Abuta, north of Nakaosaka, 
Osaka-mura, Kitakanra-gun, Gu; _ Lat. 
35°14’N, Long. 138°45’E, TM Tomioka, sheet 
5855-1]. Topotype, IGPS No. 66281. 


Lepidocyclina (Nephrolepidina) japonica (Yabe). 
[Ortitotdes]. Hanzawa, 1931b, p. 163, pl. 28, 
figs. 5-7. [Shimo-shiraiwa, Shimo-dmi-mura, 
Tagata-gun (Izu Peninsula), Sz; Lat. 34°58’N, 
Long. 138°59’E, TM Shuzenji, sheet 5851-I]. 
Hypotype, IGPS No. 20839. 


Lepidocyclina (Nephrolepidina) laevigata (Han- 
zawa). [Amphtlepidina]. Hanzawa, 1931b, p. 
166, pl. 27, fig. 16, pl. 28, fig. 1. Lower Miocene. 
[Shimo-shiraiwa, Shimo-dmi-mura, Tagata- 
gun (Izu Peninsula), Sz; Lat. 34°58’N, Long. 
138°59’E, TM Shuzenji, sheet 5851-I]. Holo- 
type, IGPS No. 20838. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
zawa). [Amphilepidina]. Hanzawa, 193la, p. 
151, pl. 24, figs. 1-6, pl. 25, figs. 1, 2. Misaka, 
Lower Miocene, Kuboi, Oishi-mura, Minami- 
tsuru-gun, Ym. [Lat. 35°21’N, Long. 138°44’E, 
TM Kofu, sheet 5853-I1V]. Holotype and para- 
types, IGPS No. 22663. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
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zawa). [Amphilepidina]. Hanzawa, 193la, p. 
151, pl. 24, fig. 7. Misaka, Lower Miocene. 
Kayanuma, Yadorigi-mura, Ashigara-kami- 
gun, Ka. [Limestone lenses crop out in valleys 
of Nakatsu-gawa and Kayanuma-gawa, at 
places ca. 200 m. and ca. 50 m. respectively up- 
stream from their junction; Lat. 35°22’N, 
Long, 139°09’E, TM Hadano, sheet 5953-III]. 
Hypotype, IGPS No. 66300. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
zawa). |Amphilepidina]. Hanzawa, 1931a, p. 
151, pl. 24, fig. 11. Misaka, Lower Miocene. 
Morotozawa, to the north of the village of 
Shiwozawa, Shimizu-mura, Ashigara-kami- 
gun, Ka. [Lat. 35°22’N, Long. 139°01’E, TM 
Hadano, sheet 5953-III]. Hypotype, IGPS No. 
66286. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
zawa). [Amphilepidina]. Hanzawa, 193la, p. 
151, pl. 25, figs. 3-5. [Lithothamnium-conglom- 
erate, upper part of Chichibu Tertiary]. Lower 
Miocene. [At head of creek east of Kuroya 
Railroad Station, Haraya-mura,_ Chichibu- 
gun, Sa; Lat. 36°02’N, Long. 139°07’E, TM 
ae sheet 5955-III]. Hypotype IGPS No. 
65288. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
zawa). [Amphilepidina]. Hanzawa, 1931b, p. 
162, pl. 27, figs. 1-4. Lower Miocene. [Shimo- 
shiraiwa, Shimo-dmi-mura, Tagata-gun (Izu 
peninsula), SZ; Lat. 34°58’N, Long. 138°59’E, 
TM _ Shuzenji, Sheet 5851-I]. Hypotype, 
IGPS No. 20841. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
zawa) |Amphilepidina]. Hanzawa, 1931b, p. 
162, pl. 28, fig. 10. Sakuma, Lower Miocene. 
[At top of hill, west of Botemi, Tenjinyama- 
mura, Kimitsu-gun (Bésd Peninsula), Ch; 
Lat. 35°09’N, Long. 139°51’E, TM Nako, 
sheet 6052-II]. Hypotype, IGPS No. 20847. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
zawa). [Amphilepidina]. Hanzawa, 1931b, p. 
162, pl. 28, fig. 11. Sakuma, Lower Miocene. 
[Yokone Pass, Kamihata, Komayama-mura, 
Kimitsu-gun (Bésé Peninsula) Ch; Lat. 
35°08’N, Long. 139°52’E, TM Nako, sheet 
6052-I1]. Hypotype, IGPS No. 20846. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
zawa). [Amphilepidina]. Hanzawa, 1943, p. 
128, pl. 7, figs. 1-7, pl. 8, figs. 1-5. Oigawa, 
Lower Miocene, Konita, Katsumata-mura, 
Haibara-gun, Sz. [Lat. 34°44’N, Long. 
138°10’E, TM Kakegawa, sheet 5751-III]. 
Hypotype, IGPS No. 66267. 


Lepidocyclina (Nephrolepidina) nipponica (Han- 
zawa) var. tzsuensis (Hanzawa) [Amphilepi- 
dina]. Hanzawa, 1931b, p. 163, pl. 27, figs. 5- 
8. Lower Miocene. [Shimo-shiraiwa, Shimo 
Smi-mura, Tagata-gun (Izu Peninsula), Sz; 
Lat. 34948’N, Long. 138°59’E, TM Shuzenji, 
sheet 5451-1]. Holotype and paratypes, IGPS 
No. 20843. 


Lepidocyclina (Amphilepidina) perornata H. 
Douvillé. Hanzawa, 1931a, p. 152, pl. 24, fig. 
10, pl. 26, fig. 3. Misaka, Lower Miocene. 300 
m. N of Hitodé, Ky6éwa-mura, Ashigara- 
kami-gun, Ka. [Lat. 35°23’N, Long. 139°04’E, 
TM Hadano, sheet 5953-1]. Hypotype, IGPS 
No. 66285. [=microspheric form of Lepidocy- 
clina (Nephrolepidina) nipponica (Hanzawa)?]. 


Lepidocyclina (Amphilepidina) perornata H. 
Douvillé. Hanzawa, 1931a, p. 152, pl. 24, fig. 
9. Misaka, Lower Miocene. Kayanuma, Ya- 
dorigi-mura, Ashigara-kami-gun, Ka. [Lime- 
stone lenses crop out in valleys of Nakatsu- 
gawa and Kayanuma-gawa, at places ca. 200 
m. and ca. 50 m. respectively upstream from 
the junction; Lat. 35°22’N, Long. 139°09’E, 
TM Hadano, sheet 5953-1]. Hypotype, IGPS 
No. 66300. {=microspheric form of Lepido- 
cyclina (Nephrolepidina) nipponica (Han- 
zawa)?]. 


Lepidocyclina (Amphilepidina) perornata H., 
Douvillé. Hanzawa, 1931a, p. 152, pl. 24, fig. 
11, pl. 26, figs. 1, 2. Misaka, Lower Miocene. 
Morotozawa, to the north of the village of 
Shiwozawa, Shimizu-mura, Ashigara-kami- 
gun, Ka. [Lat. 35°22’N, Long. 139°01’E, TM 
Hadano, sheet 5953-III]. Hypotype, IGPS No. 
66286. [=microspheric form of Lepidocyclina 
(Nephrolepidina) nipponica (Hanzawa)?]. 


Lepidocyclina (Amphilepidina) polygonalis 
Hanzawa, 1931b, p. 164, pl. 27, figs. 8, 9. 
Lower Miocene. [Shimo-shiraiwa, Shimo-dmi- 
mura, Tagata-gun (Izu Peninsula), Sz; Lat. 
34°58’N, Long. 138°59’E, TM Shuzenji, sheet 
5851-1]. Hypotype, IGPS No. 20840. [ = micro- 
spheric form of Lepidocyclina (Nephrolepidina) 
angulosa provale?}. 


Lepidocyclina (Nephrolepidina) scabra (Han- 
zawa), [Amphilepidina]. Hanzawa, 1931b, p. 
165, pl. 27, figs. 14, 15, pl. 28, figs. 2-4. Lower 
Miocene. [Shimo-shiraiwa, Shimo-dmi-mura, 
Tagata-gun (Izu peninsula), Sz; Lat. 34°58’N, 
Long. 138°59’E, TM Shuzenji, sheet 5851-I]. 
Holotype, IGPS No. 20842. 


Miogypsina kotéi Hanzawa, 1931a, p. 154, pl. 
25, figs. 16, 17, 18. Misaka, Lower Miocene. 
The top of a hill lying to the south of the Ot- 
suki Railroad Station, Kita-tsuru-gun, Ym. 
[Lat. 35°35’N, Long. 138°57’E, TM Yamura, 
sheet 5853-I]. Holotype and paratypes, IGPS 
No. 66289. 


Miogypsina kotéi Hanzawa, 1931a, p. 154, pl. 
25, fig. 15. [Lithothamnium-conglomerate, 
upper part of Chichibu Tertiary], Lower 
Miocene. [At head of creek east of Kuroya 
Railroad Station, Haraya-mura,_ Chichibu- 
gun, Sa; Lat. 36°02’N, Long. 139°07’E, TM 
Yorii, sheet 5955-III]. Hypotype, IGPS No. 
66288. 


Miogypsina kotéi Hanzawa, 1931a, p. 154, pl. 
25, fig. 14. [Lithothamnium-conglomerate, 
upper part of Chichibu Tertiary], Lower Mio- 
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cene. [North of Tadenuma, Haraya-mura, Chi- 
chibu-gun, Sa (under railroad bridge on Chi- 
chibu line at crossing of Yokose River); Lat. 
36°02'N, Long. 139°06’E, TM Yorii, sheet 
5955-IV]. Hypotype, IGPS No. 66290. 


Miogypsina kotéi Hanzawa, 1931b, p. 166, fig. 
10. Sakuma, Lower Miocene. [At top of hill, 
west of Botemi, Tenjinyama-mura, Kimitsu- 
gun (Bés6 peninsula), Ch; Lat. 35°09’N, Long. 
139°51’E, TM Nako, sheet 6052-II]. Hypo- 
type, IGPS No. 20847. 


Miogypsina kotét Hanzawa, 1935, p. 23, pl. 3, 
figs. 30, 31. Nakamura, Lower Miocene. Shi- 
wokakehana, Nishi-miyakawa-mura, Sado Is- 
land, Ni. [Lat. 37°53’N, Long. 138°17’E, TM 
Kawaharada, sheet 5760-1]. Hypotype, IGPS 
No. 21291. 


Miogypsina kotét Hanzawa, 1935, p. 23, pl. 3, 
fig. 9 (microspheric), figs. 10-12, 32-36 (mega- 
lospheric). Lower Miocene. Inokoshi (Igoshi), 
Koyama-mura, Kawakami-gun, Ok. [Lat. 
34°45’N, Long. 133°24’E, TM Yuki, sheet 
4751-II]. Hypotype, IGPS No. 21240. 


Miogypsina kotéit Hanzawa, 1935, p. 23, pl. 3, 
figs. 1-3, 22 (microspheric form), figs. 4-8, 23- 
26 (megalospheric). Lower Miocene. Naka- 
mura, on the left bank of the Oisawa River, 

isawa-mura, Nishimurayama-gun, Ya; Lat. 
38°23’N, Long. 140°00’E, TM Otori-ike, sheet 
6062-II. Hypotype, IGPS No. 21256. 


Miogypsina koté&i Hanzawa, 1935, p. 23, pl. 3, 
fig. 40. Lower Miocene. Near Kamagui, 
Tatenokoshi-mura, Iwafune-gun, Ni. [Lat. 
38°12’N, Long. 139°37’E, TM Shionomachi, 
sheet 6061-IV]. Hypotype, IGPS No. 21250. 


Mtogypsina kotéi Hanzawa, 1935, p. 23, pl. 3, 
figs. 38 (microspheric), 39 (megalospheric). 
Nishikurosawa, Lower Miocene. On _ the 
Japan Sea coast, west of Nishikurosawa and 
north of Hirasawa, Kitaura-machi, Oga Penin- 
sula, Minami-Akita-gun, Ak; Lat. 39°59’N, 
Long. 138°43’E, TM Toga, sheet 6066-IV]. 
Hypotype, IGPS No. 21264. 


Miogypsina kotéi Hanzawa, 1935, p. 23, pl. 3, 
fig. 13 (microspheric), figs. 14-16 (megalo- 
spheric). Operculina-sandstone, Lower Mio- 
cene. Oirase, Fukaura-machi, Nishi-tsugaru- 
gun, Ao. [Lat. 40°41’N, Long. 139°59’E, TM 
Todoroki, sheet 6069-II]. Hypotype, IGPS 
No. 21267. 


Miogypsina kotéi Hanzawa, 1935, p. 23, pl. 3, 
fig. 21. Tsusara transitional b, Lower Miocene. 
[Yanaigo, ca. 2 km. northwest of Yatsuo-machi, 
Nei-gun, Ty; Lat. 36°34’N, Long. 137°07’E, 
TM Yatsuo, sheet 5556-IV]. Hypotype, IGPS 
No. 21286. 


Miogypsina kotéi Hanzawa, 1935, p. 23, pl. 3, 
fig. 20. Tsusara transitional b, Lower Miocene. 
Bességawa near Yatsuo-machi, Nei-gun, Ty. 
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[Lat. 36°34’N, Long. 137°07’E, TM Yatsuo, 
sheet 5556-IV]. Hypotype, IGPS No. 21285. 


Miogypsina kotéi Hanzawa, 1935, p. 23, pl. 3, 
figs. 17-19. Tsusara transitional b, wer 
Miocene. Bunmydji temple-ground near Yat- 
suo-machi, Nei-gun, Ty. (Lat. 36°34’N, Long. 
137°08’E, TM Yatsuo, sheet 5556-IV]. Hypo- 
type, IGPS No. 21285. 


Miogypsina kotéi Hanzawa, 1935, p. 23, pl. 3, 
figs. 27-29. Kunnui Lower Miocene. Oanzaiga- 
wa, Kaminokuni-mura, Hiyama-gun, Oshima 
Prov., Hokkaidé. ([Lat. 41°47’N, Long. 
140°04’E]. Hypotype, IGPS, No. 21253. 


Miogypsina kotéi Hanzawa. Yabe, 1935, p. 144, 
figs. 4, 5. Nakamura, Lower Miocene. [200 m. 
north of Suganuma village, Hiyoshi-mura, 
Toki-gun, Gi; Lat. 35°24’N, Long. 137°16’E, 
TM Iwamura, sheet 5553-II]. Hypotype, IGPS 
No. 29300. 


Miogypsina kotét Hanzawa. Tan Sin Hok, 1937, 
p. 31, figs. 1-3. Lower Miocene. Inokoshi 
(Igoshi), Kéyama-mura, Kawakami-gun, Ok. 
{Lat. 34°45’N, Long. 133°24’E, TM Yuki, 
sheet 4751-II]. Hypotype, IGPS No. 21240. 


Miogypsina kotéi Hanzawa, 1943, p. 130, pl. 7, 
figs. 8, 9. Oigawa, Lower Miocene. Konita, 
Katsumata-mura, MHaibara-gun, Sz. [Lat. 
34°44'N, Long. 138°10’E, TM Kakegawa, 
sheet 5751-III]. Hypotype, IGPS No. 66267. 


Miogypsina ozawai Hanzawa, 1931a, p. 155, pl. 
25, fig. 13, pl. 26, fig. 3. Misaka, Lower Mio- 
cene. 300 m. N of Hitod6, Kyéwa-mura, Ashi- 
gara-kami-gun, Ka. [Lat. 35°23’N, Long. 
139°04’E, TM Hadano, sheet 5953-III]. 
Hypotype, IGPS No. 66285 [= Miogypsina 
kotét Hanzawa; see Hanzawa, 1935, p. 24]. 


Miogypsina ozawat Hanzawa, 193la, p. 155, pl. 
24, fig. 12, pl. 25, figs. 10-13. Misaka, Lower 
Miocene. [Ishiyazawa, Nishi-katsura-mura, 
Minami-tsuru-gun, Ym, along road from Shi- 
moyoshida-machi (southeast of Lake Kawa- 
guchi) to Onuma, Mizuho-mura, Minami- 
tsuru-gun; Ym; Lat. 35°30’N, Long. 138°49’E, 
TM Yamura, sheet 5853-1]. Hypotype, IGPS 
No. 66287. [= Mtogypsina kotét Hanzawa; 
see Hanzawa, 1935, p. 24]. 


Miogypsina yabei Hanzawa, 1931a, p. 154, pl. 25, 
figs. 6-8, pl. 26 fig. 5. Misaka, Lower Miocene. 
Kayanuma, Yadorigi-mura, Ashigara-kami- 
gun, Ka. [Limestone lenses crop out in valleys 
of Nakatsu-gawa and Kayanuma-gawa, at 
places ca. 200 m. and ca. 50 m. respectively 
upstream from the junction; Lat. 35°22'N, 
Long. 139°09’E, TM Hadano, sheet 5953-II1]. 
Holotype and paratypes, IGPS No. 66300. 


Miogypsina yabet Hanzawa, 1931a, p. 154, pl. 25, 
fig. 9. Misaka, Lower Miocene. The top of a 
hill lying to the south of the Otsuki Railroad 
station, Kita-tsuru-gun, Ym. [Lat. 35°36’N, 
Long, 138°57’E, TM Yamura, sheet 5853-I]. 
Hypotype, IGPS No. 66289. 
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Miogypsina yabet Hanzawa. Yabe, 1935, p. 144. 
figs. 1-3. Nakamura, Lower Miocene. [200 m, 
north of Suganuma village, Hiyoshi-mura, 
Toki-gun Gi; Lat. 35°24’N, Long. 137°16’E, 
TM Iwamura, sheet 5553-II]. Hypotype, IGPS 
No. 29299. 


Miogypsina sp. Hanzawa, 1931b, pl. 28, fig. 12. 
Lower Miocene. Nashimoto, Kamikézu-mura, 
Kamo-gun (Izu Peninsula) Sz. [Lat. 34°46’N, 
Long. 138°58’E, TM Shimoda, sheet 5851-11]. 
Hypotype, IGPS No. 66292. 


Miogypsina sp. Hanzawa, 1943, p. 131, pl. 9, 
fig. 3, Oigawa, Lower Miocene. Konita, Kat- 
sumata-mura, Haibara-gun, Sz. [Lat. 34°44’N, 
Long. 138°10’E, TM Kakegawa, sheet 5751- 
III]. Hypotype, IGPS No. 66267. 


Nummulites amakusensis Yabe and Hanzawa, 
1925, p. 78, pl. 18, fig. 1, pl. 19, figs. 1, 3, pl. 20, 
figs. 1, 2. Kydragi, Lower Eocene. [By road- 
side, a little south of Hongé village, Miyano- 
kawachi-mura, Amakusa-shimo-shima, Ku; 
Lat. 32°18’N, Long. 130°08’E, TM Ushibuka, 
sheet 4143-IV]. Holotype and paratypes, 
IGPS No. 8536. 


Nummulites subamakusensis Yabe and Hanzawa, 
1935, p. 78, pl. 19, fig. 9, pl. 20, figs. 4, 5, pl. 21, 
figs. 3-8. Kyéragi, Lower Eocene. [By roadside, 
a little south of Hong village, Miyanokawachi- 
mura, Amakusa-shimo-shima, Ku; Lat. 
32°18’N, Long. 130°08’E, TM _ Ushibuka, 
sheet 4143-IV]. Hypotype, IGPS No. 8536. 
[= Megalospheric form of Nummulites amaku- 
sensts Yabe and Hanzawa]. 


Nummulites spp. Yabe and Hanzawa, 1925, p. 
79, pl. 18, fig. 6, pl. 19, figs. 2, 3, 4, 7, 8, pl. 20, 
fig. 00, pl. 21, figs. 1-4, pl. 22, figs. 1, 8-12. 
Kyoragi, Lower Eocene. [By roadside, a little 
south of Hongé village, Miyanokawachi- 
mura, Amakusa-shimo-shima, Ku; Lat. 
32°18’N, Long. 130°08’E, TM Ushibuka, sheet 
4143-IV]. Hypotype, IGPS, No. 8536. 


Operculina complanata (Defrance). [Lenticulites}. 
Yabe, 1918, p. 120, pl. 17, fig. 1. Lower Mio- 
cene. 1.5 km. NNW of Tsuyama City, Ok. 
[Lat. 35°03’N, Long. 134°00’E, TM Tsuyama 
west, sheet 4852-I1]. Hypotype, IGPS No. 
5016. [=Operculina complanata (Defrance) 
var. japonica Hanzawa]. 


Operculina complanata (Defrance). [Lenticulites]. 
Yabe, 1918, p. 120, pl. 17, fig. 2. Saikawa, 
Lower Miocene. [Nozoki, 5.5 km. southeast of 
Kanazawa City, Ik; Lat. 36°30’N, Long. 
136°42’E, TM Tsurugi, sheet 5456-I1]. Hypo- 
type, IGPS No. 5243. [=Operculina complana- 
ta (Defrance) var. japonica Hanzawa]. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, figs. 4, 5, 26 
Operculina-sandstone, Lower Miocene. [On 
Japan Sea coast, west of Tanosawa, Odose- 
mura, Nishi-Tsugaru-gun, Ao; Lat. 40°45’N, 
Long. 140°04’E, TM Ajigasawa, sheet 6169- 


III]. Holotype and paratypes, IGPS No. 
21242. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, pl 18, pl. 1, figs. 6, 7, 24, 25. 
Lower Miocene. Nakamura. On the left bank 
of the Oisawa River, Oisawa-mura, Nishi- 
murayama-gun, Ya. [Lat. 38°24'N, Long. 
140°00’E, TM Otori-ike 6062-II]. Hypotype, 
IGPS No. 21255. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, figs. 27, 28. 
Misaka, Lower Miocene. Tonoirizawa, Nishi- 
katsura-mura, Ym. [Lat. 35°31’N, Long. 
138°51’E, TM Yamura, sheet 5853-I]. Hypo- 
type, IGPS No. 21246. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, figs. 18, 19. Sai- 
kawa, Lower Miocene. [Nozoki, 5.5 km. 
southeast of Kanazawa City, Ik; Lat. 36°30’N, 
Long. 136°42’E, TM Tsurugi, sheet 5456-II]. 
Hypotype, IGPS No. 5243. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935. p. 18, p. 1, figs. 13-15. Tsusara 
transitional b, Lower Miocene. [Obarajima, 2 
km. southeast of Yatsuo-machi, Nei-gun, Ty; 
Lat. 36°35’N, Long. 137°07’E, TM Yatsuo, 
sheet 5556-IV]. Hypotype, IGPS No. 21274. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, fig. 16. Tsusara 
transitional b, Lower Miocene. [Yatoshima, 
1.4 km. south of Yatsuo-machi, Nei-gun, Ty; 
Lat. 36°34’N, Long. 137°06’E, TM Yatsuo, 
sheet 5556-IV]. Hypotype, IGPS No. 21263. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, fig. 17. Lower 
Miocene. Inokoshi (Igoshi), Koyama-mura, 
Kawakami-gun, Ok. [Lat. 34°45'N, Long. 
133°24’E, TM Yuki, sheet 4751-I1]. Hypotype, 
IGPS No. 21254. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, fig. 22. Lower 
Miocene. Sukedé near Shdbara-machi, Hiba- 
gun, Hi. [Lat. 34°51’N, Long. 133°00’E, TM 
Kamifuno sheet 4651-1]. Hypotype, IGPS No. 
21262. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, fig. 23. Tsuma, 
Lower Miocene. [Ayamachi, west of Miya- 
zaki City, Higashi-morogata-gun, My; Lat. 
32°00’N, Long. 131°15’E, TM Miyazaki, 
sheet 4342-I]. Hypotype, IGPS No. 21245. 


Operculina complanatia (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, figs. 20, 21. Tsuma, 
Lower Miocene. Aburatsu, Minami-naka-gun, 
My. [Lat. 31°34’N, Long. 131°24’E, TM Obi, 
sheet 4341-I]. Hypotype, IGPS No. 5793. 


Operculina complanata (Defrance) var. jagrets 
Hanzawa, 1935, p. 18, pl. 3, fig. 40. Lower 
Miocene. Near Kamagu!, Tatenokoshi-mura, 
Iwafune-gun, Ni. [Lat. 38°12’N, Long. 
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139°37’E, TM Shionomachi, sheet 6061-IV]. 
Hypotype, IGPS No. 21250. 


Operculina complanata (Defrance) var. hes 
Hanzawa, 1935, p. 18, pl. 1, figs. 11, 12. Nishi- 
kurosawa, Lower Miocene. [On Japan Sea 

coast, west of Nishikurosawa and north of 

Hirasawa, Kitaura-machi (Oga Peninsula), 

Minami-Akita-gun, Ak; Lat. 39°59’N, Long. 

138°43’E, TM Toga, sheet 6066-IV]. Hypo- 

type, IGPS No. 21264. 


Operculina complanata (Defrance) var. japonica 
Hanzawa, 1935, p. 18, pl. 1, figs. 8-10. Oper- 
culina-sandstone, Lower Miocene. Oirase, 
Fukaura-machi, Nishi-Tsugaru-gun, Ao. [Lat. 
40°41’N, Long. 139°59’E, TM _ Todoroki, 
sheet 6069-II]. Hypotype, IGPS No. 21266. 


Operculina sp. Hanzawa, p. 156, pl. 25, fig. 22. 
Misaka, Lower Miocene. [Arakura, Shimo- 
yoshida-machi, Minami-tsuru-gun, Ym; Lat. 
35°30’N, Long. 138°47’E, TM Yamanakako, 
sheet 5853-II]. Hypotype, IGPS No. 66291. 


Orthophragmina (Discocyclina) aff. pratt Miche- 
lin. Yabe and Hanzawa, 1925, p. 80, pl. 18, 
figs. 4, 6, pl. 19, figs. 1, 4, pl. 21, fig. 8, pl. 22, 
figs. 2, 3. Kydragi, Lower Eocene. [By roadside, 
alittle south of Hongé village, Miyanokawachi- 
mura, Amakusa-shimo-shima, Ku; Lat. 
32°18’N, Long. 130°08’E, TM Ushibuka, sheet 
4143-IV]. Hypotype, IGPS No. 8536. [Prob- 
ably a new species of Discocyclina (Discocy- 
clina)}. 


Orthophragmina (Asterodiscus) sp. Yabe and 
Hanzawa, 1925, p. 81, pl. 19, fig. 5, pl. 21, fig. 
8, pl. 22, figs. 1, 5-7. Kyéragi, Lower Eocene. 
[By roadside, a little south of Hongé village, 
Miyanokawachi-mura, Amakusa-shimo-shima, 
Ku; Lat. 32°18’N, Long. 130°08’E, TM Ushi- 
buka, sheet 4143-IV]. Hypotype, IGPS No. 
8536. [Discocyclina (A sterocyclina)}. 


NOTES ON THE LARGER FORAMINIFERA 


Twenty-nine species and varieties of 
larger foraminifera, referred to eleven 
genera, have been described and illustrated 
from the Tertiary deposits of Japan. Of 
twenty-four species and varieties from the 
Lower Miocene only eighteen are now con- 
sidered to be valid. 

Miogypsina spp.—Hanzawa (1931a) de- 
scribed three new species, Miogypsina kotét, 
M. ozawai, and M. yabei, from the Misaka 
series of the Kwanto massif. Later (Han- 
zawa, 1935, p. 24), M. osawat was con- 
sidered a synonym of M. kotéi, as both have 
numerous evenly distributed thin pillars 
traversing the lateral chambers, but M. 
yabei was regarded as a distinct species be- 
cause of its much stouter pillars. Study of 
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abundant specimens of Miogypsina obtained 
by Hanzawa in April, 1944, 200 meters 
north of Suganuma, Hiyoshi-mura, Toki- 
gun, Gifu prefecture, raises doubt as to 
whether a valid distinction exists between 
the last species and the other two originally 
described. The ‘“‘yabei’’ type is rare in this 
collection and transitional forms with inter- 
mediate pillar characteristics suggest that 
M. yabet is specifically indistinguishable 
from, or merely a variety of, M. kotéi. How- 
ever, the two forms are listed separately 
pending further study. 


Lepidocyclina (Nephrolepidina) spp.— 
Typical specimens of Lepidocyclina (Nephro- 
lepidina) japonica (Yabe) possess more 
spacious lateral chambers and thicker pillars 
than typical specimens of Lepidocyclina 
(Nephrolepidina) nipponica (Hanzawa) but 
reexamination of specimens from various 
localities has revealed the existence of tran- 
sitional forms. L. (N.) nipponica, therefore, 
may prove to bea synonym or this species 
may be a variety of L. (N.) japonica. Until 
this problem is clarified, however, both are 
recognized. These two species, together with 
L. (N.) verbeekti Newton and Holland and 
L. (N.) angulosa Provale, are closely related 
and appear to form a distinct group. 

Microspheric specimens found in associa- 
tion with L. (N.) japonica at its type locality 
were referred by Yabe and Hanzawa (1922) 
to L. (N.) glabra Rutten and to L. (N.) cf. 
douvillét Yabe and Hanzawa. The limestones 
there contain no megalospheric specimens 
which can be referred to species other than 
L. (N.) japonica. Probably, therefore, the 
specimens identified as L. (N.) glabra and 
L. (N.) of. douvilléi are microspheric forms 
of L. (N.) japonica. Compared with L. (N.) 
japonica they are larger, the lateral cham- 
bers much smaller and the pillars much 
thicker. As a general rule, microspheric tests 
of Lepidocyclina sensu lato differ from the 
corresponding megalospheric tests by their 
larger size, but the size of the lateral cham- 
bers is generally the same in both forms. 
Another exception to this general rule is 
evident, however, from the association of 
microspheric specimens of Lepidocyclina 
with abundant megalospheric L. (N.) angu- 
losa Provale and Spiroclypeus at Tanabag 
on Saipan Island. The microspheric speci- 
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mens from this locality almost certainly be- 
long to the megalospheric L. (N.) angulosa, 
but they also have smaller lateral chambers 
than the megalospheric form. Yabe and 
Hanzawa (1922) proposed a new name, L. 
(N.) douvilléi, for a microspheric specimen 
figured by H. Douvillé as L. (N.) angulosa 
Provale from Hiligara, Nias Island. This 
form, with smaller lateral chambers than the 
only associated megalospheric Lepidocyclina 
provides a third exception to the rule and 
consequently Hanzawa now believes L. (N.) 
douvilléi to be a synonym of L. (N.) angulosa. 
Microspheric specimens identified as L. 
(N.) perornata (H. Douvillé) and associated 
with L. (N.) nipponica (Hanzawa) in the 
Misaka series may be the microspheric form 
of the latter species. Similarly, microspheric 
L. (N.) polygonalis (Hanzawa), found with 
L. (N.) angulosa and L. (N.) nipponica on 
the Izu peninsula, is now believed to be the 
microspheric form of L. (N.) angulosa. 


Nummulites spp.—Of the few forms re- 
corded from the lower Eocene, Nummulites 
subamakusensis Yabe and Hanzawa is now 
considered the megalospheric form of Num- 
mulites amakusensis Yabe and Hanzawa and 
consequently its name is a synonym. 


GEOLOGIC AGE AND CORRELATION 


Japanese formations in which the larger 
foraminifera occur are either of early Eocene 
or early Miocene age. Some Operculina- 
bearing rocks, however, are present in south- 
western Japan in younger formations. No 
larger Foraminifera have yet been recorded 
from upper Eocene or Oligocene rocks in 
Japan. 

Assemblages with Nephrolepidina and/or 
Miogypsina with or without Operculina can 
certainly be regarded as belonging to stage f 
ef the Netherlands East Indies Tertiary 
sequence; Operculina-bearing rocks with 
neither Lepidocyclina nor Miogypsina may 
be equivalent to stages f, g or younger. More 
specific age assignment of such rocks in the 
absence of other characteristic forms is 
dangerous, however, because environmental 
conditions at the time of deposition may 
have caused “floods” of Operculina to the 
almost total exclusion of Lepidocyclina and 


Miogypsina. This occurs at the type locality 
of the Nishikurosawa formation on Oga 
peninsula, Akita prefecture, where Miogyp- 
sina is found commonly with numerous 
Operculina in some beds, but is rare or ab- 
sent in Operculina-bearing rocks in other 
parts of the formation. 
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Stead discussions of the relations of the 
paleontologist to geology suggest to me 
that further consideration of this subject is, 
desirable. My good friend, Doctor Knight 
in his presidential address before the Pale- 
ontological Society,* presents an interesting 
viewpoint that must be taken seriously but, 
although I agree with many of his observa- 
tions, I cannot follow him to his conclusion 
that paleontology is a separate science. This 
disagreement illustrates, I think, a very 
common trait of human nature that prob- 
ably afflicts us both—the inclination to 
magnify the importance of one’s interests. 
Knight obviously considers himself a pale- 
ontologist rather than a geologist and there- 
fore paleontology is of such importance to 
him that he advocates its recognition as a 
separate science. I think of myself as a 
geologist first and as a paleontologist second 
and I consider paleontology to be a branch 
of geology (I almost wrote ‘‘one of the most 
interesting and important branches”’!). 
Geology is commonly defined as ‘“‘the 
science of the earth and its inhabitants.” 
If paleontology were removed and recog- 
nized as a separate science geology would 
become “‘the physical science of the earth.” 
This is obviously absurd because organisms 
have been too important a factor in the 
history of the earth to be ignored. Not only 
have organisms produced great thicknesses 
of rock (limestone, coal, etc.) but they have 
also affected climate by removing great 
quantities of carbon dioxide from the at- 
mosphere and both erosional and deposi- 
tional history have been greatly influenced 
by protective coverings of vegetation. But 
perhaps these and other activities of organ- 
isms should not be considered part of pale- 
ontology. If so, what is left? Little more, as 
viewed by many paleontologists, than the 
cataloging and classifying of dead organisms 


* Knight, J. B., Paleontologist or Geologist, 
a Geol. Soc. America, vo). 58, pp. 281-286, 
1947. 


and I am sure that a progressive paleon- 
tologist like Knight would not allow himself 
to be circumscribed within such a narrow 
field. 

Before attempting to assess the proper 
niche of the paleontologist within the 
brotherhood of his fellow scientists it is 
necessary to examine paleontology in rela- 
tion to the other branches of science. I have 
constructed the accompanying diagram to 
show my conception of the chief interrela- 
tions of some of the more generally recog- 
nized branches of geology. I am particularly 
interested in stratigraphy, and have found it 
necessary to place this branch of geology in 
a prominent central position. Some of my 
colleagues have objected strenuously to my 
making stratigraphy “the heart of geology.” 
However, I sincerely believe that it is. 
Stratigraphy is the single great unifying 
agency of geology. Without it the findings 
of other branches could not all be knit into 
a single historical whole. Perhaps the struc- 
tural history of the Appalachians and that 
of the Rocky Mountains could be deciphered 
in acceptable detail without the aid of stratig- 
raphy (I doubt it) but their histories could 
never be related to each other without 
stratigraphy. Likewise the petrogenesis of 
any number of rock bodies might be worked 
out individually but without stratigraphy 
these would remain so many unconnected 
histories and geology would be nothing more 
than a hodge-podge of unrelated facts and 
generalizations and certainly not a historical 
science. 

Furthermore, stratigraphy itself would 
be woefully ineffective without the support 
of paleontology. Correlation by any physical 
means, except radioactivity, can have ap- 
plication only within limited areas. Litho- 
logic correlation at best can be relied upon 
only within a single depositional basin. 
Some may believe in more or less world wide 
diastrophism but others do not and actual 
correlation between distant regions cannot 
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be made on the basis of diastrophism within 
reasonable limitations. Only paleontology 
and radioactivity can serve for world wide 
correlation. Radioactivity has the advan- 
tage of dating certain mineral deposits in 
terms of years but the limits of accuracy of 
these determinations appear to be unduly 
wide. Although paleontology lacks this 
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tion to be the most important single contri- 
bution that has ever been made in the entire 
field of geological science. 

So far I have taken for granted that 
paleontology is a branch of geology. Knight 
and others suggest that it should not be so 
considered. What are their reasons and what 
are the actual relations of paleontology to 
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Fic. 1—Diagram showing principal contributions of major gelogic fields to each other. Many 
minor interrelations also exist. 


seeming preciseness, it has the additional 
decisive virtue of establishing relative age 
within reasonably narrow limits. 

To summarize: 1) Stratigraphy makes 
possible the synthesis of a unified geological 
science from its component parts, 2) Strati- 
graphy is made possible on a continental 
and world wide scale by paleontological 
correlation. Ergo: Stratigraphy is “the heart 
of geology”’ and paleontology is an essential 
branch of geology as a whole. Next to 
Hutton’s formulation of the principle of 
uniformitarianism, I believe William Smith’s 
discovery of the value of fossils for correla- 


geology and biology which it connects? 

Knight’s sole argument seems to be that 
paleontology cannot (or at least is not) 
adequately taught within the framework of 
a department of geology. In this he may be 
more or less correct as far as some depart- 
ments are concerned but this is no valid 
reason for concluding that paleontology is a 
separate science and should be separated 
from geology. 

Paleontology and stratigraphy are so 
mutually dependent that neither could be 
successful without the other. Stratigraphy 
furnishes the basis for establishing the suc- 
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cession of faunas and floras and these in 
turn make possible correlation that is so 
essential to stratigraphy. This relationship 
is more intimate than the bonds that unite 
most of the other recognized branches of 
geology. 

The relationship between paleontology 
and biology is likewise close and probably 
even more generally evident but neither is 
actually so dependent upon the other. 
Many biologists manage to get along quite 
well in blissful and almost complete igno- 
rance of paleontology. To some it has no 
meaning except for the statement in their 
textbooks that paleontology furnishes evi- 
dence supporting the theory of evolution. 
In contrast, paleontologists have drawn 
much more support from biology but 
paleontology deals fairly successfully with 
certain long extinct groups, such as the 
graptolites, trilobites or ammonites, where 
this support is at a minimum. In fact these 
groups are probably better known and 
nearly as well understood as are gastropods 
of similar antiquity although this last group 
is abundantly represented in living faunas 
and has been intensively studied by zoolo- 
gists. In fact I think that a very respectable 
paleontology would be possible even if there 
were no store of scientific biologic knowl- 
edge to be drawn upon. 

In my opinion, invertebrate paleontology 
is much more closely related to geology than 
to biology. However, if a separation from 
geology were effected, paleontology still 
could not be considered a separate science 
because paleontology without geology is 
biology and nothing more. Any student of 
fossils who does not have a strong, abiding 
and well founded interest in geology and a 
thorough training in that science is not a 
paleontologist. He is simply a paleobiolo- 
gist. 

There are two features that make geology 
fundamentally different from all of the 
other natural sciences. One is its historical 
nature and the other is the breadth of its 
field. To me they give it a fascination that 
nothing else can equal. I have heard it 
stated that geology is not a science in its 
own right but only the application of other 
sciences to earth history. This is not so 
because geology is not an overlapping field 
of other sciences.,Its main field is an area 
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that could never be occupied by any of 
them. Its problems are totally distinct and 
unthought of by other sciences and must be 
attacked by methods quite different from 
theirs. Like astronomy, it is not an experi- 
mental science for neither time nor space 
can be duplicated in the laboratory. But 
just as astronomy is not physics and phys- 
ics is not mathematics because each in turn 
leans heavily on the next, so no part of 
geology is chemistry, physics or biology just 
because certain applications of these sci- 
ences are essential to it. For these same 
reasons paleontology, in its broader aspects, 
is not a branch of biology. In fact the claim 
might just as logically be made that all 
other sciences are really only restricted 
branches of geology because they are «ll 
connected and all could be included under 
the common definition of geology. 

The point to be noted is that other nat- 
ural sciences are necessary to geology but 
geology is not fundamentally necessary to 
them. In one respect this places geology at 
a serious disadvantage because geology is 
not too well understood and therefore not 
too well respected by other scientists. The 
geologist, however, must have a certain 
minimum acquaintance with other sciences 
and the more chemistry, physics, mathe- 
matics and biology he knows the better 
geologist he is likely to be. For this reason a 
good geologist must have a broader founda- 
tion of training than most other scientists 
and he must likewise have wider interests 
and a more expansive imagination. 

On the whole, the geologist is a peculiar 
combination. He must be able to use the 
exact tools of the other physical sciences and 
he must strive for the precision of the 
engineer. But, like the biologist, he must 
also be able to draw conclusions from in- 
complete evidence and be right more often 
than he is wrong. To accomplish this he 
must develop his powers of observation and 
both inductive and deductive reasoning to 
a higher degree than is necessary in most 
other scientific fields. 

Because of these characteristics required 
in a good geologist, I think that he is likely 
to be more versatile than any other scien- 
tist. Therefore, I believe that a good paleon- 
tologist is much more likely to develop from 
a good geology student than from an equally 
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good student of biology. This is a further 
reason against the separation of paleon- 
tology from geology. 

Every person's interest is bound to be 
stronger in one field than in any other. 
Therefore, every paleontologist is more in- 
terested in his work either from the stand- 
point of geology or biology and the direction 
his efforts lead and the nature of his thinking 
are certain to be influenced by this bias. 
Knight seems to feel that a biological ap- 
proach to paleontology, rather than a geolog- 
ical approach, would be advantageous to 
both paleontology and geology. I disagree. 

Paleontology contributes to stratigraphy, 
and therefore to geology as a whole in two 
ways. First, it makes correlation possible 
and, second, it furnishes information con- 
cerning environments of sedimentary dep- 
osition that could be gained in no other 
way. It is very important to geology that 
the usefulness of paleontology in both these 
respects be cultivated to the fullest extent 
possible. Would a biological, rather than a 
geological, approach accomplish this better? 

This question can, I think, be answered 
by comparing the contributions that have 
been made to geology by invertebrate pale- 
ontology on the one hand and by vertebrate 
paleontology and paleobotany dn the other. 
Knight seems to view with comparative 
approval these latter studies because they 
have been approached from the biological 
standpoint more consistently and success- 
fully than has invertebrate paleontology. It 
is quite true that most vertebrate paleon- 
tologists and paleobotanists have had better 
foundation in related fields of biology than 
have many invertebrate paleontologists. In 
fact some of them have had so little training 
in geology and so little understanding of it 
that no one could possibly accuse them of 
being geologists. Many of them have failed 
to recognize, ignored or handled unskillfully 
geological problems that have arisen in 
connection with their studies and were 
essential to them. Furthermore, complica- 
tions that have been created by vertebrate 
paleontologists in the form of minute taxo- 
nomic subdivisions and by paleobotanists 
in complex classifications have mostly pre- 
vented less erudite geologists from poaching 
on their fields. Because of this, and because 
few biologists are attracted to them, there 


have never been more than a comparatively 
few vertebrate paleontologists or paleo- 
botanists. Their studies may have been of 
higher quality from certain biologic points 
of view but they have certainly been of 
relatively much less service to geology. 

In spite of the fact that most invertebrate 
paleontologists have been geologists, many 
of them seem to have suffered from split 
personalities. Undoubtedly they realize the 
importance of paleontology to geology and 
they have utilized it constantly in connec- 
tion with geologic problems but when they 
turned to paleontologic studies most of them 
sought diligently to be biologists. Unfor- 
tunately few of them have given any evi- 
dence that they realized a biologist could do 
more than describe and classify new species 
and genera. Consequently the great bulk 
of paleontological literature consists of de- 
scriptive papers many of which have added” 
more to confusion than to order. In spite of 
its many shortcomings, however, paleontol- 
ogy has built up a very considerable body of 
reliable and useful facts. 

Most sciences pass successively through 
descriptive, analytical, deductive and in- 
ductive stages as they gradually mature. 
Invertebrate paleontology, from a biological 
viewpoint, is still in its descriptive stage 
and most invertebrate paleontologists seem 
to have lagged 30 to 40 years behind con- 
temporary zoologists. Particularly since the 
rebirth of genetics, the development of de- 
tailed studies in ecology and the statistical 
approach to the problems of populations 
zoologists have made important advances 
in both knowledge and theory that are 
practically unknown to most invertebrate 
paleontologists. Somewhat similar studies 
based on fossil rather than on living ani- 
mals offer promise of results that may be 
exceedingly significant to both the advance- 
ment of paleontology itself and its applica- 
tion to geology. 

I agree with Knight that the modern and 
progressive paleontologist must have much 
better training in biology. Above all he must 
be brought up to date regarding the prin- 
ciples and concepts of modern biology. He 
must be made to see that there afe other 
activities much more important than the 
naming of new genera and species or de- 
vising new systems of classification for them. 
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However, biological training cannot be 
simply substituted for an equivalent amount 
of geology in the curriculum. To a certain 
extent it must be added. The paleontologist 
must still be a good geologist and he should 
be a better one for only so can he recognize 
and attack the really important problems 
that exist all about him. 

One of the greatest dangers that I see to 
the future of invertebrate paleontology is 
the acceleration of a trend now plainly 
apparent. This is the continuation of old 
style paleontology pursued in ever greater 
detail under the delusion that it represents 
biologic progress. This seems to be the 
favored path of some paleontologists (or 
should I call them paleozoologists?) whose 
interest in geology is greatly subordinated 
to their interest in the fossils themselves. If 
this is to be the future trend in invertebrate 
paleontology geologists will lose interest in 
it. No doubt the remaining small body of 
paleontological experts would enjoy their 
exclusiveness. They would also feel very 
important when geologists sought their 
advice. But because they would be certain 
to have lost some of the intimate contact 
that should exist between geology and pale- 
ontology their viewpoint would be biased 
and therefore their judgment could not be 
fully trusted. Inevitably they would give 
preference to paleontological evidence in all 
situations where this and other evidence 
seemed to be in conflict. Also they would 
entirely lack the practical viewpoint that 
is so essential, particularly in stratigraphy. 

Any expert is likely to have an exag- 
gerated opinion of the importance of his 
specialty. Probably this is partly the result 
of ignorance concerning the specialties of 
others. At any rate he rarely considers the 
effects of some of his activities on others or 
the difficulties that he may place in their 
paths. A general example is the usually 
unnecéssarily complex system of technical 
terminology that grows up in almost any 
specialized field. Paleontology is no excep- 
tion but in addition it is responsible for the 
introduction of an uncounted multitude of 
scientific names for fossils which seem, to 
the uninitiated, to be forever changing with- 
out good reason. Of course fossils must have 
names and doubtless many thousands of 
species remain to be recognized and de- 
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scribed. In my opinion, however, the mere 
description and naming of new species is no 
longer a worthy end for the activities of self 
respecting paleontologists. Too seldom are 
they adequately acquainted with the fossils 
which they name or sufficiently familar with 
related species to distinguish significant 
similarities and differences. Too often their 
new species have no scientific or practical 
justification and many of them introduce 
uncertainties and errors that obstruct the 
work of others. 

Another currently favorite pastime of 
paleontologists (I have indulged in it my- 
self) is the dismemberment of old genera and 
the creation of a host of new ones. This may 
appear necessary to a specialist who is im- 
pressed by certain differences which might 
pass as unimportant in the eyes of others. 
In some groups of closely related fossils the 
strange situation has been created where it 
is commonly necessary to identify specimens 
specifically before they can be assigned to 
the currently proper genus. Such action is, 
in my opinion, not constructive and by 
unnecessarily aggravating an already com- 
plicated situation definitely reduces the 
usefulness of paleontology. Exactly the same 
‘scientific’ results could be achieved if the 
experts would be satisfied to consider these 
groups subgenera. As such they could be 
referred to when desirable but they could 
be ignored by those persons who are not 
particularly concerned with the details of 
these groups. 

Numerous changes in nomenclature and 
grouping of species have been made in the 
avowed interest of establishing a phylo- 
genetic classification. This is an end long 
sought by both biologists and paleontolo- 
gists. One system after another has been 
erected, won a certain following and then 
declined in favor. Perhaps each effort ap- 
proaches a little closer to the truth in some 
respect but few conclusions yet reached can 
be accepted as established facts. I believe 
that search for the true phylogeny is worthy 
and important but I do not think that it is 
any more important than a number of other 
paleontologic goals. For this reason system- 
atists should hesitate long and consider 
carefully before they advocate the aban- 
donment of a widely accepted and useful 
classification. After all, they should recog- 
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nize that all paleontologists owe it to each 
other to establish and maintain as great 
a degree of stability in nomenclature and 
classification as is reasonably possible. Cer- 
tainly the unprovable contention of an 
individual should not be permitted to strew 
confusion in the paths of all others simply 
because no one else happens to have suffi- 
cient knowledge to contest his views. 

In the foregoing the points that I have 
wished to make are: 

1. Paleontology is an essential part of 
geology, not an independent science, and 
not, in its full implications, a branch of 
biology. 

2. Paleontological training requires a 
good foundation in modern biology but this 
should not be substituted for geological 
training because a good paleontologist must 
be a good geologist. 

3. Invertebrate paleontology has lagged 
far behind modern biology in both breadth 
of vision and accomplishment. 

4. Present instability in paleontologic 
nomenclature and classification is becoming 
a serious stumbling block and results largely 
from the continuation of an antiquated idea 
as to what constitutes a biological approach 
to paleontology. 

5. Problems much more important than 
the distinguishing of new species and genera 
and the devising of new classifications await 
attack by well trained and imaginative 
paleontologists. 

Knight looks with disfavor upon the 
teaching of a little paleontology to geolo- 
gists. His observation that a little knowl- 
edge may be worse than none, however, can 
be applied in any field of human endeavor 
and one might just as logically disapprove 
the teaching of a little geology to paleo- 
biologists. In either case such a point of 
view is entirely negative and leads nowhere. 
A little knowledge is only dangerous if an 
individual does not realize his ignorance and 
thinks he knows it all. It seems obvious to 
me that the correction of such a situation, 


if it actually exists, is to be accomplished 
by proper teaching. 

Fossils are objects that excite interest in 
many persons because of their appeal to the 
imagination. Only in rare instances, how- 
ever, is this appeal alone strong enough to 
draw anyone into the professional fold. 
Most paleontologists have developed from 
persons whose original interest was the 
broad general field of geology and Knight 
believes that this is the principal reason for 
the present low estate of invertebrate pale- 
ontology. Probably he is right but the an- 
swer to this problem is not to cut off this 
potential source of paleontologists by divorc- 
ing paleontology from geology but to insist 
that paleontologists be better trained. 

In my opinion the separation of inverte- 
brate paleontology from geology would be 
most unfortunate from the standpoint of 
geology but it would also be disastrous to 
paleontology. Few biologists have their in- 
terests directed toward paleontology and 
consequently even fewer are induced to 
undertake research in this field. If few geolo- 
gists are to be interested in invertebrate 
paleontology this source of recruits would 
soon dry up and there would be grave dan- 
ger that invertebrate paleontology would 
stagnate for lack of active workers just as 
paleobotany is stagnating in America to- 
day. 

All persons are not equally endowed with 
genius or with industry and sound judge- 
ment. Paleontologists are no exception and, 
from wherever they may come, the medi- 
ocre ones will always outnumber those of 
highest ability, but the more there are, the 
more good ones there are likely to be. Prob- 
ably we must continue to accept the activ- 
ities of some inadequately trained or short 
sighted paleontologists as part of the price 
that must be paid for the outstanding work 
of others. However, we should not accept 
this situation with complete resignation 
but make every effort to improve it by insist- 
ing on better training for paleontologists. 
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NUCLEAR WHORLS OF HEMINAUTILUS ETHERINGTONI DURHAM 


J. WYATT DURHAM 
University of California, Berkeley, Calif. 





N THE study of Heminautilus etheringtont 

(Durham, 1946, pp. 432-434) it was 
observed in the single specimen sectioned, 
that the siphuncle connected with the um- 
bilical perforation through a _ constricted 
opening. Because of the possible importance 
of this observation a topotype (Univ. Calif. 





Mus. Paleo. No. 32893) of this species was 
obtained and sectioned also (Text figs. 1-3). 

The topotype does not agree with the 
previously described paratype (Durham, 
1946, pl. 64, figs. 1, 2; text fig. 5) in the 
relationship of the end of the siphuncle and 
the umbilical perforation. In the topotype 
the siphuncle terminates in a small con- 
stricted tube opening into the initial cham- 
ber after passing through the first septum. 
This condition is generally similar to that 
shown for Nautilus pompilius Linnaeus by 
Ulrich, Foerste, Miller, and Furnish (1942, 
pl. 25, fig. 1), and by Hyatt (1913, fig. 
1123). The caecum appears to be repre- 
sented by the constricted end of the si- 
phuncle, and definitely is not in contact 
with the apical end of the shell as indicated 
in the illustrations cited above, and as 
Ulrich, Foerste, Miller, and Furnish state 
(1942, p. 11). The siphuncle ends about 
midway in the first chamber. Cause of the 
variation between the paratype figured in 
1946 and the present topotype can only be 





Fics. 1-3—Heminautilus etheringtoni Durham. Median longitudinal section of topotype no. 32893 
(Univ. Calif. Mus. Paleo. Coll.). 1, Section X14; 2, X5; 3, Sketch drawn from J (a, siphun- 
cle, b, funnel, and c, umbilical perforation). 
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speculated upon. From these two specimens 
it appears probable that there may be more 
individual variation in the nuclear cham- 
bers of nautiloids than is commonly recog- 
nized, or it may be that the paratype is 
malformed, or the apparent connection 
with the umbilical perforation may have 
been caused by recrystallization of the shell, 
or by breakage, or by abrasion before the 
completion of the first volution. 

As in the paratype, the first 9 chambers 
make up the first volution. These chambers 
are proportionally larger than the succeeding 
ones, but not so markedly as in the paratype. 

In contrast to the condition seen in the 
paratype the siphuncle in the topotype pas- 
ses through the first septum at a point about 


one fourth the distance below the dorsum, 
instead of next to it. This position is ap- 
proximately the one it maintains throughout 
the rest of the conch. In the topotype, that 
part of the septum dorsal to the siphuncle 
is generally heavier than the ventral part. 
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NOTES ON THE OSTRACODE GENUS TRIEBELINA 


MORTON B. STEPHENSON 
Stanolind Oil and Gas Company, Houston, Texas 





D* W. A. van den Bold (1946) erected 
the ostracode genus Triebelina in his 
micropaleontological report on the Carib- 
bean region. Triebelina indopacifica van den 
Bold, a species previously reported from 
the Malakka Straits but unnamed by 
Triebel (1941), was designated as genotype 
for the new genus. 

Unfortunately, this genus was likewise 
described by me (Stephenson, 1946) in this 
Journal under the name Glyptobairdia. 
I am advised! that the effective date of 
publication of Van den Bold’s paper is 
July 5, 1946, while my description of the 
genus appeared in print on July 20, 1946. 
Hence Triebelina van den Bold has priority 
over Glyptobairdia Stephenson. 

A comparative study of the descriptions 
and figures of Triebelina and Glyptobairdia 
indicated they probably are the same genus. 
This belief was strengthened when I studied 
complete specimens of Triebelina cubensis 
kindly sent me by Van den Bold. It became 
evident, however, that the hinge structure 
of the genus must be clarified. Van den Bold 
unfortunately failed to figure the finer 


1 Personal communication from W. A. van den 
Bold, Hilversum, Holland, under date of October 
9, 1946. 


characters of shell structure, and his de- 
scription of them is rather vague. The hinge 
of Triebelina was originally defined (Van den 
Bold, 1946, p. 73) as follows: 


Hinge simple without teeth, consisting of a 
deep groove in the dorsal margin of the left valve 
into which fits the edge of the right one. 


This description perplexed me, as I 
(Stephenson, 1946, p. 345) had indicated 
the following hingement for Glyptobairdia: 


Hinge structure in the right valve consists of 
elevated, angular teeth at the cardinal angles, 
truncated into a bar between them which is de- 
pressed in its central portion. A well defined fur- 
row separates the bar from the dorsal margin. In 
the left valve, hinge bears terminal sockets, well 
incised into the margin of the valve, and partially 
obscured by overlying encasing folds of the dorsal 
margin. A bar between and somewhat below the 
sockets is most prominent at its center, from 
which it slopes gradually into the socket areas. 
Above the bar and continuous with the sockets 
is a depressed area. 


In the absence of Van den Bold, the type 
specimens of Triebelina indopacifica were 
carefully studied by J. H. Germeraad, of the 
Mineralogisch-Geologisch Instituut of the 
State University of Utrecht, Holland. Ger- 
meraad? determined that the hinge descrip- 


2 Personal communication, of December 9, 
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tion of Triebelina is erroneous, and made the 
following observations: 

The left valve of this species (the only valve 
that is present) shows two sockets at the ends of 
a hinge-bar, which is not (or no more?, the mate- 
rial is not very well preserved) crenulated. The 
sockets have no elevated rim at their ventral ber- 
der, so we can speak of open sockets. A shallow 
groove runs above the hinge-bar. 


Germeraad included a carefully drawn 
sketch of the interior of the left valve, 
which conforms very closely to my own 
description of the hingement. Subsequently 
Van den Bold has informed me?’ that he had 
thought the features noted by Germeraad 
were possibly due to poor preservation of 
his material. 

The earliest record of the genus Triebelina 
known to me is the species described by 
Brady as Bairdia coronata from the Gulf of 
Mexico (Veracruz). The date of the portion 
of Brady’s paper including this description 
is given by Miiller (1912, p. 395) as 1870. 
Henry V. Howe informed me of this de- 
scription and furnished a photographic copy. 
There appears no doubt but that Brady’s 
species is identical with Glyptobairdia ber- 
mudezt Stephenson (1946), and this species 
which I reported from the Recent of Cuba 
should therefore be known as Triebelina 
coronata (Brady). Recently Pedro J. Ber- 
mudez, of Habana, Cuba, kindly sent per- 
fectly preserved specimens of T. coronata 
from Singer Island, Florida. 

The original sample from which Triebe- 
lina tindopacifica was described was re- 
picked by Germeraad in a futile effort to 
obtain additional single valves of the geno- 
type. This picking yielded a fragment of a 
valve which he tentatively identified as 
Bairdia truncata Brady (1890). He noted 
that this specimen clearly showed nine 
subovate muscle scars arranged in a more or 
less subcircular pattern similar to that 
figured by me (Stephenson, 1946, pl. 42, 
fig. 3), and that Brady’s species should be 
included in the genus Triebelina. 

The species described by me (Stephenson, 
1944) as Bairdia? crumena, from middle 
Tertiary beds of Texas, also belongs to the 
genus Triebelina. Van den Bold (1946, p. 
73) made this observation, although the 


3 Personal communication from Maracaibo, 
Venezuela, of February 23, 1947. 
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specific name was misspelled B. crumea. He 
failed to note, however, that I questioned 
the generic assignment, and suggested that 
this species belongs to a new genus. I like- 
wise described (Stephenson, 1946, p. 347) 
Glyptobairdia howet from the Red Bluff 
(Oligocene) of Mississippi, a species here 
referred to Triebelina. Van den Bold stated‘ 
that he found 7. howet in material from 
Cuba collected and identified as middle 
Oligocene in age by P. J. Bermudez. In 
addition to the genotype, 7. indopacifica, 
Van den Bold described T. cubensis from the 
Miocene of Cuba, and T. sp. (left valves 
only) from the upper Eocene of Cuba. A 
total of seven species have thus come to my 
attention, and 7riebelina is known to range 
from the upper Eocene to Recent. 

Betty Kellett Nadeau is well known for 
her excellent work on Paleozoic Ostracoda, 
and she has likewise traced development of 
a number of families and genera from an- 
cestral stock in the Paleozoic to forms 
present in Tertiary sediments. I am _ in- 
debted to her for the following comments 
pertaining to relationships between Triebe- 
lina and older forms: 

Permian species which would commonly be 
called Bairdia are related to the genus Triebelina. 
These forms, found by Knight and Krig in the 
Bone Spring formation and by Elias in middle 
Leonard material collected by King, are similar 
to Triebelina in shape and have external ventral 
ridges as well as partly developed internal ridges 
such as shown by Stephenson (1946, pl. 42, fig. 2). 
The hingement, while lacking the cardinal teeth 
and sockets, is otherwise not unlike that of 
Triebelina. Earlier species in which the ventral 
ridges are poorly developed or absent show the 
close relationship between Triebelina and Bairdia, 
Thecrested Bairdia wordensis Hamilton (1942, pl. 
110, figs. 4a, b) and a closely related upper Leon- 
ard species may also be related to Triebelina, 
which they resemble except for the presence of 
fine hinge teeth. Otherwise the heavy carapace 
with broad dorsal overlap and external ventral 
ridges is very suggestive of living forms. The Cre- 
taceous species with the unusual internal struc- 
ture described by Van Veen (1934, pl. 7, figs. 1- 
24) as Bairdia biloculata is probably near Triebe- 
lina. Early molts (figs. 21-24) in which the inner 
ventral structure is incompletely developed espe- 
cially indicate such relationship. 


The above data have been brought to- 
gether only through the generous assistance 
of other workers. Henry V. Howe first called 


4 Personal communication from Maracaibo, 


Venezuela of March 8, 1947. 
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my attention to Triebelina howei, later ad- 
vised of the existence of Van den Bold’s 
paper, and furnished a copy of the original 
description of T. coronata. W. A. van den 
Bold and his father, H. J. van den Bold, 
both cooperated by sending helpful informa- 
tion, and Th. Raven, curator of the Mine- 
ralogisch-Geologisch Instituut of the State 
University of Utrecht, Holland aided simi- 
larly. I particularly appreciate J. H. Ger- 
meraad’s painstaking study and drawings of 
the type specimens. Betty Kellett Nadeau 
kindly commented on related forms from 
the Paleozoic. Pedro J. Bermudez and W. A. 
van den Bold supplied specimens which 
aided in this study. 
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WECHES OSTRACODA: CORRECTIONS 


MORTON B. STEPHENSON 
Stanolind Oil and Gas Company, Houston, Texas 





Y PAPER on the Ostracoda from the 

Weches Eocene at Smithville, Bastrop 
County, Texas appeared in this JOURNAL 
(1946, vol. 20, pp. 297-344). Several errors 
in this work have come to my attention. 

In a generic discussion on page 305, I 
noted that Pseudocythereis Jennings (1936, 
p. 56) is a homonym of a subgenus of the 
same name previously erected by Skogsberg 
(1928, p. 126). I further indicated that 
Coryell (see Coryell, H. N.) had proposed 
the name Stephensonaria for Jennings’ genus 
in his Bibliography. Van den Bold (1946, 
p. 30) proposed the name Anticythereis for 
Pseudocytherets Jennings (not Skogsberg). 
Since Van den Bold’s paper appeared in 
print two weeks before mine, and Coryell’s 
work is still in press, the name Anticy- 
thereis has priority over Stephensonaria. 

Paracytheridea palmerae Stephenson (1946, 
p. 319) is a homonym of P. palmeri 
van den Boid (1946, p. 86, pl. 16, fig. 8), 
under Article 35a of the International Rules 
of Zoological Nomenclature. Van den Bold 
(1946, p. 9) noted that his species was 


named for Dorothy Palmer. The erroneous 
ending which he applied is apparently a 
lapsus calami, and the name is here emended 
to Paracytheridea palmerae van den Bold, in 
accordance with Opinion 60 of the Inter- 
national Rules. The new name Paracy- 
theridea bastropensis Stephenson is here pro- 
posed for P. palmerae Stephenson (not 
Van den Bold, 1946). 

Betty Kellett Nadeau has suggested! that 
the generic name Buntonia Howe (see Howe 
and Chambers, 1935, p. 22) should be re- 
tained, and Pyricythereis Howe (see Howe 
and Law, 1936, p. 65) should be placed in 
synonomy with it. In my discussion of onto- 
genetic relationships (Stephenson, 1946, p. 
304), I pointed out that forms described as 
Buntonia are in reality molt stages of adult 
species of Pyricythereis. | was in error in 
assigning my material to Pyricythereis 
(Stephenson, 1946, pp. 330, 331), and these 
species should be known as Buntonia ala- 
bamensis (Howe and Pyeatt), B. howet 


1 Personal communication of August 5, 1946. 
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(Stephenson), and B. subtriangularis (Sut- 
ton and Williams). 

Henry V. Howe? has made several sug- 
gestions regarding my treatment of Cy- 
thereis and species included in it. I noted 
(Stephenson, 1946, p. 334) that the geno- 
type of Cythereis was unselected, and in so 
doing failed to recognize the designation of 
Cytherets ornatissima (Reuss) (Cytherina 
ornatissima Reuss, 1846, p. 104) made by 
Sutton and Williams (1939, p. 562). A 
general discussion of the genus was given by 
Sutton and Williams, but no details con- 
cerning the species they chose as genotype. 
They apparently followed Alexander (1933, 
p. 208), who selected specimens from the 
Cretaceous of Texas, assigned them to C. 
ornatissima and considered them to be 
typical of the genus Cythereis. Alexander 
did not, however, choose this species as 
genotype, and his figures bear little resem- 
blance to those of Jones. This species was 
among those included by Jones (1849, p. 
19) in his original description of Cythereis, 
where it was referred to C. ctliata (Reuss), 
a synonym of C. ornatissima. Most of the 
other species assigned to this genus at that 
time by him have later been classed under 
other genera. Howe® pointed out that 
Triebel (1940) accepted Sutton and Wil- 
iams’ designation of C. ornatissima, and 
that Triebel’s photographs show the species 
to have serrate terminal teeth in the hinge 
line. As Howe observed, Cythereis probably 
is largely a Lower Cretaceous genus if 
Triebel is right in his description of Cy- 
thereis based on C. ornatissima, and many 
of our Tertiary species now referred to the 
genus will probably have to be placed else- 
where. Van den Bold (1946, p. 29) likewise 
accepted C. ornatissima as the genotype. In 
view of the present confusion in the literat- 
ure regarding Cytherets, a careful revision of 
the genus is needed. 

Henry V. Howe has informed me that 
Cythereis? elongata Sutton and Williams 
(1939, p. 565), a species which I reported 
from the Weches (Stephenson, 1946, p. 337), 
is a homonym of Cytherets strangenbergensis 
elongata Klahn (1917, p. 67, pl. 13, fig. 1). 
The new name Cytherets stuckeyt Stephenson 


2 Personal communication of October 31, 1946. 
3’ Personal communication of November 6, 
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is here proposed for C. elongata Sutton and 
Williams. The species is named for Charles 
W. Stuckey, Jr., Union Oil Company of 
California, Houston, Texas, for valuable 
assistance in collecting the Weches material. 

Some argument has arisen concerning my 
work on Cythereis orelliana (Stadnichenko) 
(1927, p. 236, pl. 39, figs. 8-10). In the 
synonomy of this species, I (Stephenson, 
1946, p. 338) included C. sabinensis Howe 
and Garrett (1934, p. 55, pl. 4, figs. 16, 17), 
and C. smithvillensis Sutton and Williams 
(1939, p. 564, pl. 63, figs. 18-20). Howe‘ 
suggested that the specimen figured on 
plate 29, figure 10 of Stadnichenko (1927), 
which she stated to be typical of the species, 
was a spinose Cythereis rather than a reti- 
culate one, with two rows of spines in the 
central portion of the carapace and a promi- 
nent subcentral node. At my request, this 
“typical’’ specimen of Stadnichenko was 
compared with topotypes, which I had 
deposited at the United States National 
Museum and which I considered to be 
typical of the Weches species, jointly by 
H. N. Coryell of Columbia University, and 
A. R. Loeblich, Jr., Associate Curator of 
Invertebrate Paleontology and _ Paleo- 
botany at the National Museum, to both of 
whom I am deeply. indebted. Loeblich® 
stated they found the basic ornamentation 
of Stadnichenko’s specimen to differ from 
my Weches specimens. My Weches topo- 
types were found to be lower and longer, 
with a reticulate pattern and no definite 
ridges. The hinge is also much longer, and 
the posterior ridge much narrower. Stad- 
nichenko’s specimen has two main ridges 
which are segmented but not reticulated. 
Stadnichenko’s photographs are poor, and 
my material was referred to her species 
because her description (Stadnichenko, 
1927, p. 237) stated ‘‘...surface of the 
shell covered with a network of small, 
threadlike ridges, which are the walls for the 
tiny five-cornered pits, with knobs and 
spines... ’’ I have specimens like Stadni- 
chenko’s figure 10 from the Cook Mountain 
Eocene, and it may be well to restrict C. 
orelliana to this form. With this species in 
the Cook Mountain are reticulate specimens 


4 Personal communication of October 11, 1946. 
5 Personal communication of February 11, 
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like those described as C. orelliana by Stad- 
nichenko. These latter specimens average 
somewhat larger and higher, but otherwise 
appear identical with those from the We- 
ches. This reticulate form in the Weches and 
Cook Mountain may therefore be separated 
from C. orelliana and known as C. smith- 
villensts Sutton and Williams. I have seen a 
few typical specimens of C. smithvillensis 
from the Wilcox Eocene. The more common 
form is much less ornamented. 
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TEGMEN STRUCTURE OF PTEROTOCRINUS CAPITALIS (Lyon) 


J. MARVIN WELLER 
University of Chicago, Chicago, IHinois 





ABSTRACT—The ventral structure of Pterotocrinus capitalis (Lyon) is described. 
This is similar to P. coronarius but different from all other known species of this 


genus. 





pe large wing plates of Pterotocrinus 
capitalis (Lyon) are common fossils at 
several localities in western Kentucky and 
southern Illinois, and everywhere appear to 
be restricted to a very narrow stratigraphic 
zone in the lower part of the Golconda for- 
mation of the Chesterian Series (Upper 
Mississippian). In spite of their local abun- 
dance, however, the nature of the crinoid of 
which they were a conspicuous part is in- 
completely known. So far as published re- 
cords indicate, only a single nearly complete 
but partially crushed specimen has been 
found. This is the holotype, collected in 


Crittenden County, Kentucky, and origi- 
nally described and figured by Lyon in 1857 
as Asterocrinus capitalis (3, p. 472, pl. 3, 
figs. 1, 1c-1k—figs. 1b and 1c were incorrectly 
identified and interpreted), redescribed and 
refigured by Wachsmuth and Springer in 
1897 (5, p. 794, pl. 59, figs. 6a—b), and again 
figured by Butts in 1917 (1, p. 95, pl. 23, 
fig. 2) and by Springer in 1926 (4, p. 13, 
fig. 23). 

The arms of the holotype are closely 
curled around the tegmen so that little more 
than the projecting wing plates can be seen. 
Lyon supposed that these fitted into and 
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are attached to the insides of the basals 
(3, p. 474) and that they are “free, except 
at the point of attachment at the base, were 
expansile, and are indeed auxiliaries of the 
arms, probably serving in part to seize and 
crush its food. Fixed to the base by a mus- 
cular ligament, articulating by joints, they 
were evidently capable of opening with, or 
even independently of the arms.” He also 
believed that this crinoid “had no vaulted 
covering to the stomach, as the lobe pieces 
[wing plates] rise from the basal pieces, 
(to which they are attached), and nearly 
fill the cavity of the body”’ (3, p. 475). 

Lyon’s interpretation of his specimen is 
largely erroneous bécause the wing plates are 
part of a well developed tegmen and, of 
course, were never in contact with, or at- 
tached to, the basal plates nor were they 
movable. Wachsmuth and Springer, in de- 
scribing the same specimen wrote ‘“‘Structure 
of the greater part of the ventral disk not 
known. The orals, of which portions are 
exposed, are elongate and almost—some of 
them completely—separated by the wing- 
like appendages” (5, p. 794). 

Discovery of the upper part of an almost 
perfectly preserved tegmen of P. capitalis 
along the Ohio River bank a short distance 
north of Golconda, Illinois, with all of the 
wing plates in place furnishes considerable 
additional information concerning the struc- 
ture of this crinoid. The new Illinois speci- 
men is part of an individual somewhat 
larger than the holotype. It measures 45 
mm. in diameter to the outer portions of the 
wing plates against about 39 mm. for the 
holotype—as determined from a lead cast in 
the Walker Museum collection—is almost 
perfectly pentagonal in form and entirely 
uncrushed. It appears to be nearly perfect 
except for the absence of the lowermost cir- 
clet of tegmen plates which connected this 
structure with the cup. The wing plates are 
considerably stouter than in the holotype, 
measuring about 10 mm. in greatest thick- 
ness as against about 7 mm. Their upper 
surfaces are distinctly flattened transversely 
whereas in the holotype these plates are 
convexly arched above. The wing plates of 
the new specimen, however, are quite char- 
acteristic of these parts as they commonly 
occur in a detached condition and are inter- 
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mediate in size between those of the holo- 
type and the largest isolated plates that 
have been collected. 

The central part of the tegmen is de- 
pressed 4.5 mm. below the highest parts of 
the wing plates and is gently concave except 
about the excentric anal opening which is 
bordered by a raised rim. It is composed of 
five orals and a group of five or more plates 
in the anal area that cannot be entirely 
distinguished (fig. 1). The two anterior 
orals are eight sided and completely separate 
the three anterior wing plates. Six of these 
sides are visible from above and appear as 
nearly straight lines of unequal length. The 
outer surfaces of these plates curve abruptly 
downward and intervene between the wing 
plates throughout somewhat less than half 
of the original height of the complete teg- 
men. They are terminated below by two 
slightly curved sutures diverging at an 
obtuse angle. Below them are two interradial 
plates that broaden conspicuously down- 
ward (fig. 2). These were probably supported 
by three inferior plates of the lowest circlet 
in the tegmen which are not preserved. 

The anterior orals meet laterally through- 
out their vertical extent and form the upper 
part of the shallow socket in which the 
anterior wing plate rests. The neighboring 
interradial plates of the second circlet in 
adjacent interrays may not meet completely 
laterally and the lower part of the wing plate 
possibly partially separates them and may 
continue to the interior of the tegmen. 

The postero-lateral orals are somewhat 
smaller than the anterior orals and are 
displaced laterally by the plates of the anal 
area. As seen from above, they are about 
twice as long as wide. They are irregularly 
six sided but two of these sides can only be 
seen in lateral view. They are separated 
from the posterior wing plates on the upper 
surface of the tegmen by plates of the anal 
series. Like the anterior orals, they turn 
down abruptly between the wing plates, and 
these interrays are similar to the anterior 
interrays except that in the one on the 
right a corner of one plate of the anal series 
is visible from the side (fig. 3). The sockets 
of the anterolateral wing plates are similar 
in all respects to the anterior socket. 

The posterior oral is the smallest. It is 
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diamond shaped and situated anterior to the 
center of the tegmen’s upper surface. It is in 
contact with the anterior orals but is sep- 
arated from the posterolateral orals by 
plates of the anal area. Its surface bears 30 
or more irregularly disposed tiny pustules 
about 0.15 to 0.20 mm. in diameter most of 
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4 mm. in diameter above. Within this rim 
the surfaces of the surrounding plates slope 
steeply and are variably notched for the 
reception of a circlet of small plates which 
have been lost. The total number of these 
was about 12 but the facets of only 8 can be 
distinguished clearly. The diameter of the 


Fics. 1-4—Tegmen of Pterotocrinus capitalis (Lyon), 13. 


1. Top view. 

2. Lateral view, right anterior interray. 
3. Lateral view, right posterior interray. 
4. Lateral view, posterior interray. 


which consist of a raised rim surrounding a 
central depression and probably mark the 
position of hydropores. 

The anal opening is in the upper surface 
of the tegmen, posterior to the center and 
slightly left of the posterior interradial axis. 
It is situated in the midst of a group of 
irregularly shaped plates whose sutures can- 
not be clearly distinguished. There are at 
least 5 but the total number may be con- 
siderably greater. They slope gently upward 
from the general tegmen surface and pro- 
duce a sharp rim about the opening which is 


opening at the inner surface of the tegmen 
plates is about 2 mm. 

The posterior wing plates are separated 
interradially by a series of irregular anal 
plates probably occurring in 6 transverse 
rows (fig. 4). The lowest plates are imper- 
fectly preserved. There are three and they 
probably succeeded an underlying row of 
four. The third and fourth rows each consist 
of two irregularly shaped and unequally 
sized hexagonal plates. The fifth row has 
two smaller elongated plates. It is in con- 
tact with the right posterior wing plate but 
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is separated from the other by plates of the 
adjacent rows which meet. Sutures between 
the succeeding anal plates are not distinct 
but there appear to be two large elongated 
plates in the last row with a much smaller 
plate enclosed between their lower ends. 

All of the tegmen plates are thick and 
massive. Their sutural surfaces are smooth 
and gently curved. They were loosely joined 
together and easily become separated after 
death. 

The interior portions of the deep inter- 
radial reentrants between the wing plates 
are narrow and uniformly concave above but 
become progressively wider and flattened 
below where they bear very shallow longi- 
tudinal depressions which evidently fit the 
infolded arms. 

The tegmen of this species is similar to 
that of P. coronarius (Lyon) (3, p. 476, pl. 
1, figs. 1, la; 5, p. 795, pl. 79a, b; 4, p. 48, 
pl. 14, figs. 1-3a) and the two species differ 
in the form of the wing plates and dorsal 
cup. P. coronartus possesses orals arranged 
similarly to those described above and a 
group of small irregular plates surrounding 
the nearly central anal opening. The sutures 
between the latter apparently are not dis- 
tinct because the illustrations presented by 
Lyon (3), Wachsmuth and Springer (5) and 
Springer (4) differ in many particulars. 
Disposition of the lateral plates of the teg- 
men which separate the wing plates like- 
wise seems to be uncertain because Springer’s 
figures (4, pl. 14, figs. 1b, c) do not corre- 
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spond to Wachsmuth and Springer’s de- 
scription (5, p. 796). 

Massive wing plates collected from the 
Golconda formation show almost complete 
gradation between those possessed by the 
holotypes of P. capitalis and P. coronarius 
although intermediate forms comparable 
to those of the tegmen described above are 
by far the most common. On the evidence 
of the wing plates alone these two holotypes 
might be considered the end members of a 
single variable species. If, however, the 
association of a dorsal cup similar to that 
described as Dichocrinus protuberans by 
Hall (2, p. 689, pl. 25, fig. 7) with the teg- 
men holotype of P. coronarius as suggested 
by Springer (4, p. 48) is correct, these two 
species are actually quite distinct. 

So far as known, the tegmen structure of 
all other species of Pterotocrinus is quite 
different from that described above. 
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STRUCTURE OF ASTERIGERINA AND A NEW SPECIES 


A. TEN DAM 
Haarlem, Netherlands 





The abundance of tests and the perfect 
preservation of Asterigerina lutetiana n. sp. 
from the Upper Lutetian (Middle Eocene) 
of the Netherlands, offer excellent oppor- 
tunity to observe the fundamental details 
of internal structure of this genus of Fora- 
minifera. Some of the specimens were care- 
fully broken to reveal the inner structure of 
the chambers. Well preserved specimens of 
A. staeschei ten Dam and Reinhold from the 
Bolderian (Middle-Miocene) and A. giirichi 
(Franke) from the Rupelian (Middle- 
Oligocene) of the Netherlands were also 


studied and found to possess the same 
structure. 

The final chamber of Asterigerina is 
characterized by its crescent-shaped ap- 
pearance on the ventral side and its aper- 
tural character, described by Galloway 
(1936) and Cushman (1933) as ‘‘aperture a 
curved slit on the inner margin of the last 
chamber, between the periphery and the 
secondary chamberlets.” In A. lutetiana n. 
sp. the slit is almost parallel to the periph- 
ery (Fig. 2), but in other species, where 
the stellar chambers do not reach the periph- 
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ery, it is more radial (Fig. 6). Close ob- 
servation of the connection between the 
ordinary chambers, which show on the 
dorsal side and have only a small portion 
visible on the ventral side, and the stellar 
or so-called secondary chamberlets on the 
ventral side, shows that each of the stellar 
chambers has a distinct aperture directly 
communicating with the following ordinary 
or dorsal chamber. This aperture is an 





elliptic slit, mostly in the plane of coiling, 
with a phialine lip (Figs. 3, 5). Broken 
specimens show this character very dis- 
tinctly. The ordinary or dorsal chamber 
begins at the ventral side around this aper- 
ture of the previous stellar chamber and 
forms a trunk-like, semilunular prolongation 
near the periphery on the ventral side, with 
the ordinary aperture underneath. Clearly, 
it is not correct to describe the stellar 


Fics. 1-4—Asterigerina lutetiana ten Dam, n. sp. 1, Dorsal side. 2, Ventral side. 3, Ventral side 
(oblique) showing aperture of stellar chamber, dorsal chamber broken away. 4, Ventral 


side (oblique) showing ordinary aperture with position of the inner aperture. 


(p. 586) 


5, 6—Asterigerina staeschi ten Dam and Reinhold. 5, Apertural view with last normal chamber 
broken away showing aperture of the previous stellar chamber. 6, Apertural view showing 


normal agurease. 
(For furt 


(p. 586) 


er details of this species see ten Dam and Reinhold, Med. Geol. Stichting, Ser. 


C.V. no. 2, p. 91, pl. 7, fig. 2 (1942) or ten Dam and Reinhold Geol. en Mijnbouw, vol. 3, 


p. 222, pl. 1, fig. 2 (1941). 
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chambers as secondary, because they dis- 
tinctly alternate with the dorsal chambers, 
and there is no communication between two 
of the dorsal chambers, except by way of a 
stellar chamber. 

The elliptical aperture of a stellar cham- 
ber suggests a close relationship to Sipho- 
nina or related forms, but further study will 
be necessary to determine the true phylo- 
genetic position of this genus. 


ASTERIGERINA LUTETIANA 
ten Dam, n. sp. Text figures 1-4 


Test rounded, lenticular, the dorsal and 
ventral sides almost equally elevated; pe- 
ripheral margin sharply keeled, slightly 
lobulate; number of whorls visible on the 
dorsal side about 23 in well-developed tests; 
chambers 7 in the final convolution, smooth 
on the dorsal side, very slightly inflated on 
the ventral side; dorsal sutures moderately 
curved, limbate, flush with the surface, pro- 
duced peripherally to form the marginal 
keel; ventral side with stellar, alternating 
chambers reaching the periphery, so that 
only small triangular portions of the dorsal 
chambers can be seen; sutures slightly de- 
pressed especially near the periphery, lim- 
bate; central portion of the ventral side 
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occupied by an hyaline imperforate um- 
bilical plate. Apertures of two different 
types; the spiral or so-called ordinary cham- 
bers have an aperture almost parallel to the 
plane of coiling, an arched slit with granular 
ornamentation. The stellar, alternating 
chambers have an aperture shown only in 
broken or in younger specimens, consisting 
of an elongate slit in the plane of coiling, 
with a phialine lip,, connecting a dorsal 
chamber with a ventral one. Surface on the 
dorsal side regularly and finely perforate, 
on the ventral side with the triangular por- 
tions of the dorsal chambers finely per- 
forate and the stellar chambers more 
coarsely perforate. 

Dimensions: diameter 0.3 mm. 

Holotype: Geol. Stichting, Haarlem, Coll. 
No. F 971 

Occurrence: Generally rare, locally rather 
common in the Upper-Lutetian (Middle- 
Eocene) of the Netherlands. 

Discussion: This differs from most other 
species of Asterigerina by its large stellar 
chambers, which reach the periphery, and 
the very small triangular portions of the 
spiral chambers on the ventral side. The 
peculiar apertural characters of the genus 
are especially well shown in this species. 


TRANSLATIONS OF RUSSIAN GEOLOGIC LITERATURE 


The Committee on Russian Literature of 
the Geological Society of America is com- 
piling a list of English translations of Rus- 
sian geologic papers and books covering all 
fields from geophysics to paleontology. In- 
formation regarding manuscript translations 
is desired. It should be sent to the Chairman 


of the Committee, Ronald K. DeFord, Box 
1814, Midland, Texas, or to the Secretary 
of the Geological Society. Such information 
will be published in the forthcoming volumes 
of the Bibliography and Index of Geology 
Exclusive of North America and the 
Bibliography of Economic Geology. 


UPPER CRETACEOUS FORAMINIFERA: A CRITICISM 


T. F. GRIMSDALE 
Surrey, England 





IX A recently published monograph en- 
titled ‘‘Upper Cretaceous Foraminifera 
of the Gulf Coastal region of the United 


States and adjacent areas” (U. S. Geol. 
Survey Prof. Paper 206, 1946), Dr. J. A. 
Cushman has collected a mass of records of 
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the occurrences of all the known species 
from the Upper Cretaceous deposits of the 
Gulf Coastal region besides a number of 
additional species and records of species 
from deposits outside of the United States 
which he considers are contemporaneous. 
Among the latter he includes the Velasco 
shale of eastern Mexico, and strata at “pit 
at Lizard Springs, near Guayaguayare, 
Trinidad.” 

Dr. Cushman is entitled to maintain his 
own theory on the age of these deposits but 
he must be aware that there exists a body 
of expert opinion with views contrary to 


his own, which considers that the Velasco 
shale and correlative deposits to be early 
Tertiary—Paleocene and Lower Eocene. It 
is unfortunate that he should so positively 
refer them to the Upper Cretaceous. 

Globorotalia velascoensis (Cushman) is an 
exclusively Tertiary species (Paleocene and 
Eocene), although it is frequently found in 
association with a number of species which 
cross the Cretaceous-Tertiary boundary, 
and also with derived upper Cretaceous 
faunas reworked in Paleocene or Lower 
Eocene seas. 


FORAMINIFERAL EVIDENCE FOR THE AGE OF THE VELASCO SHALE 
OF MEXICO AND THE LIZARD SPRINGS MARL OF TRINIDAD 


JOSEPH A. CUSHMAN 
Sharon, Mass. 





There has been some difference of opinion 
as to the age of the Velasco shale and Lizard 
Springs marl, some claiming a Paleocene age 
for them. 

In recent work on the Paleocene, a study 
was made of the species and ‘varieties of 
smaller Foraminifera, including the pub- 
lished records from the southern United 
States and the Soldado formation of Trini- 
dad, but excepting well samples from 
Florida. In all, 233 species and varieties are 
recorded from the Paleocene. Of these, 37 
have been recorded from the Upper Creta- 
ceous, some with considerable question. Of 
these, however, only three are recorded 
from the Velasco or Lizard Springs without 
question and seven others with considerable 
question as to their identity. The Soldado 
formation is definitely connected with the 
Paleocene of the southern United States by 
numerous species but has very little in 
common with the Lizard Springs Creta- 
ceous. 

It is very probable that the ecologic con- 
ditions under which the Velasco shale of 
Mexico, Santa Anita formation of Vene- 
zuela, and Lizard Springs marl of Trinidad 
were deposited may have been quite differ- 
ent from those under which the uppermost 


deposits of the Cretaceous of the southern 
United States were formed. It is interesting 
to note that many of the species of the Ve- 
lasco and Lizard Springs occur in beds re- 
ferred to the Upper Cretaceous in northern 
Africa. 

The age of the Lizard Springs marl has 
been discussed at considerable length by 
Cushman and Renz in a recent work on the 
Lizard Springs fauna; and they quote Mul- 
ler and Schenck: “The upper limit of the 
Cretaceous system is not settled in Europe, 
much less so elsewhere.” 

It may be of interest to note that of the 
species and varieties of the Lizard Springs 
fauna, 57 are known from the Upper Creta- 
ceous of the southern United States, two 
from Canada, and one from California. As 
already noted, very few of these species 
occur in the Paleocene and would seem to 
definitely establish a late Cretaceous age for 
the Lizard Springs formation. Similar re- 
sults may be obtained from a study of the 
distribution of those species known from the 
Velasco shale of Mexico. 

Altogether from the evidence of the small- 
er foraminifera, there is little to indicate an 
age other than late Cretaceous for these 
formations. 
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TRIASSIC (CHUGWATER) FOOTPRINTS FROM WYOMING 






E. B. BRANSON 


University of Missouri, Columbia 





In 1942 Professor Lull described some 
footprints from the Chugwater formation of 
Wyoming. As the zone from which they 
were collected was not specified and as the 
Chugwater includes most of the Triassic the 
writer attempted to find the locality and in 
August 1946 succeeded in doing so. 

Professor Lull (1942) stated that the 
fossils were found on the Thermopolis road 
about 18 miles northwest of Lysite. The 
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Fic. 1—Map showing Triassic footprint locality. 


locality is on the old Thermopolis road, 
about 25 miles east of the Thermopolis road 
shown on recent road maps which passes 
through the Wind River Canyon. It is prob- 
ably in Sec. 1, T. 40 N., R. 92 W. but as 
there are no section markers in the region 
the location may be Sec. 36, T. 41 N., R. 92 
W. (Figure 1). Mr. E. H. Knapp, who helped 
with the original collecting, showed the 
writer the location. Mr. Knapp was so pre- 
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cise in his recollection of the place that he 
pointed to within a hundred yards of it as he 
rode by in a car. 

The road as shown on the state road maps 
issued by oil companies is not correct. 
Northwest from Lysite it is shown making a 
sharp turn to the west and then extending 
southward. The road to the track locality 
continues northwestward from the sharp 





turn and is not shown on road maps ex- 
cepting one of Fremont County prepared by 
the Wyoming State Highway Department in 
cooperation with the United States Depart- 
ment of Agriculture. 

The footprints occur in the Red Peak 
formation which is about 800 feet thick and 
is lowest Chugwater. 

They were found about 40 feet below the 


Fic. 2—Triassic footprints from the Red Peak formation of Wyoming. Natural size. 
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Alcova formation, a thin bedded limestone 
or dolomite, which in most places is 
three to six feet thick. No other fossils 
have been obtained from the Red Peak but 
this formation is believed to be marine 
excepting in places where sediments ac- 
cumulated near shore or where streams 
joined the sea. The only fossils found in the 
Alcova are smooth ostracodes that have not 
been described, a marine nothosaur from 
near Casper, Wyoming, and some algae. 

Professor Lull (1942) believed the speci- 
mens to be “probably Permian” in age but 
it has been known since 1904 that most of 
the Chugwater is Triassic. The writer has 
long considered the Dinwoody, which lies 
below the Red Peak and above the Phos- 
phoria (definitely Permian in age), to be the 
basal formation of the Triassic. Newell and 
Kummel (1942) have recently described 
Dinwoody faunas and shown them to be 
Triassic. Therefore the tracks described 
by Professor Lull are probably early Triassic 
in age. This assignment is not positive, 
however, as the next higher Chugwater 
formation with determinable fossils is the 
Popo Agie which Branson and Mehl (1929) 
and von Huene (1926) believed to be Middle 
Triassic, or possibly Upper Triassic as first 
suggested by Williston (1904). The Alcova 
limestone and the Crow Mountain siltstone, 
about 200 feet thick, lie between the Red 
Peak and Popo Agie but they have produced 
no significant fossils. 

Branson and Mehl described tracks from 
the Popo Agie formation (1932) but Lull 
apparently, did not know of their paper. 

The tracks named A gealopus wyomingen- 
sus Branson and Mehl from the Popo Agie 
are about five times as large in linear dimen- 
sions as the ones described by Lull and are 
three or four toed. In the collection made by 
Branson from the Red Peak, Lull’s species 
Eurichrinus jeneseni is represented by 
several tracks, but only indistinct prints of 


CORRECTION OF THE HORIZON OF 
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Collettosaurus palmatus were found, and 
Lull’s indeterminable species may be repre- 
sented by a single print. A still different 
form found by the writer is represented by 
imperfect tracks that are too imperfect for 
either specific or generic description. The 
fifth digit is shortest and is straight but the 
first, second, third, and fourth are strongly 
curved through more than 90 degrees. This 
may be similar to the form described by v. 
Lilienstern (1939) as Akropus (p. 303, fig. 4), 
but the digits are much more strongly 
curved than in the specimens figured by 
him. Probably Lull’s Agealopus and Eurs- 
chrinus belong to v. Lilienstern’s Akropus 
or Hamatopus. 

The writer wishes to acknowledge his 
obligation to E. H. Knapp of Lysite, Wyom- 
ing, for guidance to the footprint locality, 
and to Dick Aylor and Gene Ruff, graduate 
students in the University of Missouri, for 
assisting in the search for the tracks. 
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was obtained from the Fox Hills sandstone. 
The specimen was collected by Mr. N. H. 
Brown of Lander, who also identified the 
formation. I have visited this locality many 
times, once with Mr. Brown, who then 
could not locate the exact spot where he 
found the specimen. A deep road cut had 
been made at this place and the outcrops 
had been changed to some extent. However, 
only the Cody formation crops out here and 


no younger Cretaceous formation is exposed 
closer than about fifteen miles. The Cody 
outcrop is about three miles wide and oc- 
cupies a deep syncline. The name “Fox 
Hills’ in Weller’s article should be changed 
to Cody. 

Mr. Brown died about three years ago 
and his sons and I are probably the only 
geologists who ever visited the locality with 
him. 
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CONTRIBUTION TO THE STuDY OF OsTRA- 
CODA WITH SPECIAL REFERENCES TO THE 
TERTIARY AND CRETACEOUS MICROFAUNA 
OF THE CARIBBEAN REGION, by Willem 
Aaldert van den Bold. J. H. de Bussy, 
Amsterdam. 167 pp., 18 pl., 2 maps, 5 
tables, 8 figs. July 1946. 


This important contribution from Hol- 
land written in English, is of monographic 
proportions and represents much careful, 
detailed work. The study was presented at 
the Mineralogisch-Geologisch Instituut of 
the State University of Utrecht, Holland, 
where the author did the work, as a disserta- 
tion for the degree of Doctor of Philosophy. 
Doctor van den Bold has written that he 
regrets being somewhat handicapped in 
some determinations by lack of comparative 
material from the American Tertiary, and 
by the fact that much of his work was done 
without assistance from other ostracode 
specialists. These difficulties were overcome, 
however, and the study constitutes a real 
advance in our general knowledge of the 
Ostracoda as well as of Tertiary and Creta- 
ceous microfaunas of the Caribbean region. 
Unfortunately, this report received no 
financial support from any organization, 
and a limited edition was printed privately. 
The author, now in Venezuela, has a few 
copies of the paper, and Dr. Th. Raven, 
Curator of the Institute, states that a small 
number of copies is available there for ex- 
change only. 

The report is a quarto volume well il- 
lustrated by 17 plates figuring Ostracoda 
and one plate of Foraminifera. The figures 
are excellent examples of pen work; most of 


them are outline drawings, but some views 
are more or less shaded by pen stippling. 
In my opinion, the usefulness of the plates 
for specific determinations could have been 
enhanced by more complete shading on 
more figures such as might have been at- 
tained by the use of stipple paper. 

Part I contains 42 pages and is an intro- 
duction to the study of Ostracoda. Terms 
applied to the finer shell characters are 
informally defined and illustrated, and 
rules are given for the orientation of the 
carapace. A tentative key for the deter- 
mination of 71 Tertiary and Cretaceous 
marine ostracode genera is presented. It 
contains 114 groupings of shell characters, 
with several listings under each, and is very 
useful. Pages 20-35 contain a brief descrip- 
tion of the pertinent shell charactersof all gen- 
era and their known stratigraphic ranges 
are indicated. These descriptions appear 
to have been compiled mainly from the 
literature but the most reliable sources have 
been sought out, and Van den Bold has 
included many of his own observations. 
This is the first short, fairly complete out- 
line of the characters of Cretaceous and 
Tertiary genera that has been compiled in 
many years, and it is one of the most im- 
portant sections of the treatise. 

Two new genera of Ostracoda and one 
new name are proposed. The first new 
genus (pp. 23, 73) is Triebelina (Bairdiidae), 
with genotype 7. indopacifica van den 
Bold. This genus was likewise described by 
me (Stephenson, 1946a) but my name 
Glyptobairdia is a homonym. The generic 
characters of Triebelina are described in 
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my papers (see Stephenson, 1946a, 1947). 
The other new genus is Ruttenella (Cytheri- 
dae, Cytherideinae) (pp. 26, 84), with 
gentoype R. ovata van den Bold. The generic 
description (p. 84) quoted in part is as fol- 
lows: 


Carapace elongate ovate, posterior cardinal an- 
gle slightly projecting in the left valve, while 
further the left valve is overlapping regularly all 
along the margin. Dorsal view spindle-shaped. 
Hingestructure in the left valve consists of an an- 
terior crenulate socket, followed by a raised and 
denticulate part of the dorsal margin. At the pos- 
terior cardinal angle the margin curves upward, 
round a part of the interior of the valve, which 
acts as a socket. In the right valve an elongate 
and crenulate dental area occurs with a postad- 
jacent notched groove. At the posterior end of 
this groove a strong pointed posterior tooth oc- 
curs, which fits below the curved margin of the 
posterior cardinal angle of the left. Marginal area 
moderately narrow. In the anterior end the line of 
concrescence makes a curve towards the outer 
margin, paralleling it for a short distance, and 
then joins the inner margin again. In the poste- 
rior end a similar but much smaller curve occurs. 
Only in these short curves pore canals are numer- 
ous, closely spaced and rather irregular. 


The new name Anticythereis van den 
Bold is proposed (p. 30) for Pseudocythereis 
Jennings (1936) (not Skogsberg, 1928). 

Van den Bold recognized the occurrence 
of young molts in his material, but I cannot 
entirely agree with some of his views on 
ontogenetic relationships. He accepts (p. 
24) the subgenus Leptocytheridea Stephenson 
(1937), which I have shown (Stephenson, 
1941) to consist of young molts of the 
genera Haplocytheridea and Clithrocytheri- 
dea. The genus Archicythereis Howe (see 
Howe and Law, 1936, p. 57) is also recog- 
nized by Van den Bold (p. 29) although at 
my suggestion LeRoy (1945) has pointed 
out that it comprises a group of young molts 
and that this name should be abandoned 
unless it can be redefined. I later (1946, p. 
304) made a similar observation, in a paper 
not then available to Van den Bold. Cy- 
theridella of Howe (see Howe et al.), is placed 
in synonomy under Archicytherets by Van 
den Bold following Howe’s original publica- 
tion (see Howe and Law, 1936, p. 57). 
Navecythere Coryell and Fields (1937, p. 7) 
is also considered to be a synonym although 
I (Stephenson, 1946, p. 304) have suggested 
that these shells are molts of adult Cattvella 
Coryell and Fields (1937, p. 8). In addition 


a third genus, Buntonia Howe (see Howe 
and Chambers, 1935, p. 22), is included in 
this synonymy although it has been shown 
(Stephenson, 1946, p. 304) to consist of 
molts of adult Pyricytherets Howe (see Howe 
and Law, 1936, p. 65). As Buntonta was de- 
scribed first, I have indicated (Stephenson, 
1947a) that the genus should be known by 
this name, and that Pyricytherets is a 
synonym. 

Part II contains a discussion of the Ter- 
tiary stratigraphy of the Caribbean region. 
Extensive check lists of Ostracoda are in- 
cluded, with shorter listings of the smaller 
Foraminifera that have been identified. 
Age correlations of the strata are shown, 
based on the faunas contained in them, and 
relations to published faunas from the 
Atlantic and Gulf Coastal Plains of the 
United States are indicated. This work ap- 
pears to have been very carefully done, 
although it is doubtful that the full strati- 
graphic ranges of all species have been 
determined. 

Part III (pp. 59-125) consists of system- 
atic descriptions of Ostracoda and a few 
smaller Foraminifera. The species are de- 
scribed with care, abundant references to the 
literature are presented, and new occur- 
rences as well as known stratigraphic ranges 
are indicated. 

Van den Bold has maintained more ostra- 
code subgenera than the reviewer recog- 
nizes. In the interest of brevity, nomen- 
clature should, I think, be binomial when- 
ever possible and the tendency in this direc- 
tion has increased in recent years. Jones 
(1849, p. 14) originally erected Cythereis as 
a subgenus under Cythere. Cythereis was 
later elevated to the rank of genus, and a 
rather large number of new genera have 
been separated from it. The several forms 
allied to Cytheridea, originally described as 
subgenera, are now considered by me to 
have generic rank, with the exception of 
Leptocytheridea, which I have abandoned. 
They, together with Anomocytheridea Ste- 
phenson, are all considered subgenera of 
Cytheridea by Van den Bold, but he has 
since written me to ask advice on their 
placement. In his introductory part (p. 33), 
Van den Bold lists Cytheropteron and Eocy- 
theropteron as subgenera of Cytheropteron, 
but in his description of species (pp. 113, 
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114) Cytheropteron is treated as a full genus. 
Eocytheropteron was erected by Alexander 
(1933) as a subgenus of Cytheropteron, and 
was elevated to generic rank by Howe and 
Garrett (1934, p. 45). It has been rather 
consistently considered a distinct genus by 
authors since that time. 

The original report probably will not be 
available to many workers and a list of new 
species of Ostracoda described in it is given 
here to avoid the creation of homonyms and 
synonyms: Cytherella burcki, C. cubensis 
(p. 59); C. guatemalensis (p. 60); C. tumi- 
doidea, C. dozyi, Cytherelloidea vanveeni (p. 
61); C. cubana (p. 62); Erythrocypris pasionen- 
sis (p. 63); Argilloecta rhamphasta (p. 64); 
Paracypris communis (p. 66); Krausella 
asymmetrica, Bythocypris pachyconcha (p. 
67); B. nipeensis, Antibythocypris guatema- 
lensis (p. 68); Batrdia antillea, B. elegantis- 
sima (p. 69); B. amygdaloides oblongata (n. 
var.), B. nipeensis, B. cassida, B. pijpersi 
(p. 70); B. bonairensis, B. caraibeensis, B. 
hondurasensis, B. jonest (p. 71); B. macha- 
quillaensis, B. inequivalvis, B. dozyt (p. 72); 
B. cespedesensis, B. cancanaensis, Triebelina 
(new genus) (p. 73); T. cubensis, T. indo- 
pacifica (p. 74); Krithe cubensis, K. dolt- 
chodeira (p. 75); K. caudata (p. 76); K. 
cancuenensis, K. guatematensis (p. 77); K. 
crassicaudata, Cytheridea (Haplocytheridea) 
guatemalensis (p. 78); C. (H.) stephensont, 
C. (H.) cubensis (p. 79); C. (H.) reversa 
(p. 80); C. (Clithrocytheridea) ketjzert, C. 
(C.) vissert, C. (C.) subcircinata (p. 81); C. 
(Dolocytheridea?) guanajayensis, C. (D.) 
vermunti (p. 83); Perissocytheridea? alata, 
Ruttenella (new genus), R. ovata (p. 84); 
Paracytheridea tschoppi (p. 85); P. devletteri, 
P. vanwessemi, P. palmer (p. 86); P. hispida 
(p. 87); Cytheridets howei (p. 88); Cythereis 
guinesensts (p. 89); C. cubensis, C. cubensis 
mammidentata, C. cubensis midwayotdes 
(p. 91); C. hazelt, C. rutteni, C. thoracophora, 
C.? palmaritensis (p. 92); C. tschoppi, C. 
walpolet (p. 93); C. collet extrema (n. var.) 
(p. 94); C. cancuenensis, C. guatemalensis 
(p. 95); C. longa, C. ntpeensis, C.? mayaensis 
(p. 96); C. burnetti, C. hausi, C. rodé (p. 97); 
C.? machaqutllaensis, C. hondurasensis (p. 
98); C. bermudezt, C.? plicatuloides (p. 99); 
C. reticulospinosa (p. 100); Favella pijperst, 
Hemicythere antillea (p. 101); H. symmetrica 
(p. 102); Caudttes nipeensis (p. 103); 


Archicythereis cubensis, A. antillea (p. 104); 
Cativella? pustulosa, Cytheromorpha minuta 
(p. 105); Acuticythereis elongata (p. 106); 
Brachycythere deformis nipeensis (n. var.), 
B. deformis spinosa (p. 107); B. physigastera, 
B. trigonalis macropunctata (n. var.) (p. 
108); B. plena tschoppi (n. var.) (p. 109); 
Loxoconcha cubensis, L. antillea, L. antillea 
nodosa, L. antillea oblongata, L. antillea- 
rugosa (p. 110); L. antillea pieriga, L. spinoa- 
lata (p. 111); L. banesensts, L. pinarense 
(p. 112); Cytheropteron nipeensis, C. pina- 
rense (p. 113); Cytherura hermesi, C. keijzert, 
C. kingmat (p. 117); C. raadshooveni (p. 118); 
C. similis mertdionalis (n. var.), C. salinasen- 
sis, Xestoleberis dactylotypa (p. 119). 

A short systematic section on the Foram- 
inifera is included (pp. 122-125). One new 
genus, Raadshoovenia (Miliolidae), is pro- 
posed, with R. guatemalensis van den Bold 
as genotype. The generic description (p. 
123) is as follows: 


Test calcareous, imperforate. Early chambers 
quinqueloculine, later ones close-coiled, 4—6 to a 
whorl, adult uncoiling. Labyrinthic chambers de- 
veloped i in later stages. Aperture cribrate, termi- 
nal. It is an uncoiling Hauerina with multiple 
chambers. The genus may be derived from 
Numuloculina Steinmann. 


The following species of Foraminifera are 
described as new: Valvulina germeraadi (p. 
122); Raadshooventa guatemalensis, Rhapidi- 
onina limbata (p. 123); Boldia vandersluist 
(p. 124); Cibictdes haastersi, C.. vanbellent. 

It seems desirable to point ovt the several 
technical errors in the paper which have 
come to my attention. Some of them were 
detected by the reviewer, and others were 
noted by Henry V. Howe, to whom I am 
very deeply indebted for his cooperation. 
The genotype of Cytherelloidea (p. 20), 
Cytherella williamsoni Jones 1847 should 
read Cytherella williamsoniana Jones 1849 
(p. 31). On pages 24, 80, 81, Citthocytheridea 
should read Clithrocytheridea Stephenson 
(1936). On page 25, the genotype of Cythe- 
rissa is not given correctly. Howe has written 
to say that there is considerable confusion 
in the literature concerning the type species, 
but that he suspects Brady (1868, p. 427) 
was correct when he referred to Cythere 
lacustris Sars (1862), although the date of 
Sars’ paper may be 1863. Cytherissa lacustris 
Sars 1925, the genotype given by Van den 
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Bold, is obviously in error. Van den Bold 
(p. 26) indicated the genotype of Para- 
cytheridea to be P. depressa Miiller 1894 
(p. 341). In his later work, Miiller (1912, 
p. 305) placed this name in the synonymy of 
Cytheropteron bovettensis Seguenza (1880), 
which makes the latter designation correct 
(see Stephenson, 1946, p. 319). Van den 
sBold (p. 27) named Cytherideis trigonalts 
Jones (1856, p. 47, pl. 2, figs. 2a—h) as the 
genotype of Cytherideis, a species described 
at the time Jones proposed Cytherideis as a 
subgenus of Cythere. In so doing, Van den 
Bold overlooked the designation of Cythere 
(Cytherideis) flavida Jones (1856, p. 50, pl. 4, 
figs. 4a—c) (not Cythere flavida Miiller, 1785), 
made by Brady and Norman (1889, p. 226). 
Cythere (Cytheridets) flavida of Jones is a 
synonym of Cytherideis subulata Brady 
(1868, p. 454, pl. 35, figs. 45-46; see also 
Brady and Robertson, 1872, p. 59, pl. 1, 
figs. 12, 13; pl. 2, figs. 11-13, on living speci- 
mens from British Isles). Cytherideis subu- 
lata Brady is therefore the genotype of 
Cytherideis. 

On page 29, Pterigocytherets should read 
Pterygocytherets, and Archycythereis Howe 
and Law should read Archicytherets Howe 
(see Howe and Law, 1936, p. 57). The geno- 
type of Archicythereis (p. 29), Cytheridella 
chamberst Howe, should be corrected to 
Cythereis yazooensis Howe and Chambers 
(1935, p. 38; see Howe and Law, 1936, p. 57 
for designation). On page 30, the genotype 
of Pyricythereis, Cythereis israelskt Howe 
and Chambers should read Cytherets? israel- 
skyi Howe and Pyeatt (see Howe and Cham- 
bers, 1935, p. 33). The originally designated 
genotype of Pyricythereis (see Howe and 
Law, 1936, p. 65) was Cythereis israelskyi 
Howe and Chambers, but the genotype was 
actually described and questionably referred 
to Cythereis by Howe and Pyeatt in a report 
by Howe and Chambers (1936). On page 33, 
the genotype of Bythocythere, B. targida, 
should read B. turgida. 

On page 60, Van den Bold referred speci- 
mens to Cytherella symmetrica Alexander 
(1934), which requires a new name because 
this one was used for a Jurassic species in 
1884 by Jones. On page 73, Bairdia crumea 
Stephenson should read Batrdia? crumena. 
On page 80, the name Cytheridea (Haplo- 
cytheridea) reversa van den Bold, new species 
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is preoccupied by Cytheridea reversa Egger 

(1858), from the Miocene of Bavaria. On 

page 86, Paracytheridea palmert van den 

Bold, named for Dorothy Palmer, is thought 

by the reviewer to be a lapsus calamt, and 

the emended name of P. palmerae has been 
suggested (see Stephenson, 1947a). On 
page 94, Cythereis burstlloides Stadnichenko 

(1927) and Cytherets basslert Ulrich (1901, 

not 1902 as indicated) were both originally 

described under Cytherets rather than 

Cythere. On page 96 in the synonomy, 

Cytherets multicostata Bosquet (1852) should 

read Cythere multicostata. On page 98, the 

author of Cythereis ozanana is given as 

Israelski. This species was described by 

Merle C. Israelsky, and the plate figures 

are in error (see Israelsky, 1929, pl. 3A, 

figs. 1-3). On page 118, in the synonomy of 

Cytherura? cf. sella Sars, the date of the 

paper by Brady and Norman should be 

1889 instead of 1874. On page 123, under 

the genus Raadshoovenia, Numuloculina 

should read Nummoloculina. (see Cushman, 

1940). 
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Les HomMEs FossILes: ELEMENTS DE 
PALEONTOLOGIE HuUMAINEF, by Marcellin 
Boule, third edition by Henri V. Vallois, 
Masson et Cie., Paris, 1,200 francs, 1946; 
pp. I-VII, 1-587, 294 figs. 

A third and enlarged edition of the well 
known work on fossil man by the famous 
French anthropologist Marcellin Boule has 
at last appeared. Since the second edition of 
1923 numerous new remains of fossil man 
have been discovered, not only in Europe 
but also in Africa and Asia. They have con- 
tributed importantly to our knowledge of 
the evolution of the Hominidae, and many 
older conceptions have been changed. The 
book deals with all important remains of 
fossil man and is illustrated with numerous 
excellent photographs and diagrams. Eight 
chapters written between 1934 and 1939 
were revised after the author’s death by 
Vallois because of the very rapid progress 
made in anthropology during recent years. 
In the last chapter Boule has explained his 
fundamental conceptions and presented his 
final synthesis of what modern paleontology 
has learned about the origin of mankind. 

A. ten Dam 


MANUEL DE PALEONTOLOGIE VEGETALE, by 
Léon Moret. Masson et Cie., Paris, 1943, 
112 francs, pp. I-VIII, 1-216, 78 text 
figures. 

This work is a natural sequel to ‘Manuel 
de Paléontologie Animale”» by the same 
author, published in 1940. 

In the introduction the author gives some 
details on classification, use, and methods of 
study of fossil plants. The following chapters 
deal systematically with all groups of plant 
fossils, from the few known fossil bacteria 
and flagellates to the angiosperms. The last 
chapter gives an outline of evolution as 
demonstrated by paleobotany and reviews 
the importance of plant fossils as rock- 
builders. Pen and ink drawings illustrate the 
clearly written text. This book will give 
every student as well as the field geologist 
and paleontologist a good idea of the most 
important families and genera of plant 
fossils and their mutual relationships. 

A. ten Dam 














Tien 


SOF DPT LR id ER FO aie 6 











Se 


setetin eee 


596 REVIEWS 


NON-CRINOID PELMATOZOA FROM THE Pa- 
LEOZOIC OF SWEDEN—A TAXONOMIC 
Stupy, by Gerhard Regnell. Medd. fran 
Lunds. Geol.—-Miner. Inst. 108. 255 pp., 
15 pl., 1945. 12 kronor. 

Dr. Regnell has illustrated fully and de- 
scribed in detail the large fauna indicated in 
his title. Comparatively few new species and 
genera are required, but the provision of 
careful diagnoses, in terms of modern con- 
cepts, of species studied by the classic au- 


‘thors is of great value. The species are 


mainly hydrophorids: only one eocrinoid, 2 
blastoids, 2 carpoids, 6 edrioasterids and 2 
cyclocystoidids occurring in the total of 55 
forms described. American students will be 
struck by the essential dissimilarity of the 
Swedish fauna and those with which they 
are familiar. 

Regnell’s classification of the Pelmatozoa 
will be of wider interest. He accepts Jaekel’s 
scheme (which has never been accepted in 
America, in spite of its great merits) but 
adds one new class. Thus he recognizes as 
classes: Eocrinoidea, Paracrinoidea, Cys- 


toidea, Crinoidea, Carpoidea and Edrioas- 
teroidea. The Cystoidea include as sub- 
classes the Hydrophoridea and the Blas- 
toidea. The new class is the Paracrinoidea, 
erected to include Comarocystites and its 
allies, with Amygdalocystites, Malocystites 
and Canadocystis mentioned. This associa- 
tion is a little uncomfortable, and I expect 
that had Regnell been able to study more 
of these genera at first hand his conclusions 
would have been different. The group is 
largely American, and the published infor- 
mation concerning it very inadequate—for 
which Regnell cannot be held responsible. 
Even though this group may need revision, 
it is a definite step forward to have the other 
“cystids” placed in logical and workable 
units. 

The Cyclocystoidea are left unplaced. The 
Machaeridia are not considered as Echino- 
derms, but are not placed elsewhere. The 26 
page bibliography is in reality an almost 
complete guide to the literature of the non- 
crinoid Pelmatozoa of the world. 

G. WINSTON SINCLAIR. 
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Alberta: Cambrian Bryozoa (27); Cretaceous microfossils (51). 

Algae: Pennsylvanian and Permian, Kansas, (37); Permian Permopora keenae, Texas (25). 

Ammonoidea: Liassic, nomenclatural problems of, (34); Goniatite from Boone formation (Mississip- 
pian), Missouri (43). 

Animals, marine: Paleoecological import of, and salinity (29). 

Arctic archipelago, Canadian: Ordovician fossils (46). 

Arizona: Percha shale Brachiopoda (66). 

Arizona, northern: Invertebrate tracks, Coconino sandstone (Permian) (5). 

Asterigerina (Foraminifera): Structure of, and new species (18); Upper Liassic of England (17). 

Atlantic Coastal Plain: Invertebrate fossils from deep wells along, (58). 

Aulacopleura (Trilobita) (56). 

Bellerophont muscle scars: (38). 

Bibliography: Foraminifera (Supplements for 1940-1945) (74). 

Big Canyon, Oklahoma: Graptolites and hydrozoan-like fossils. (22). 

Bone Beds (Middle Devonian): Foraminifera, Ohio (71). 

Bonin Islands: Haha-jima, Eocene Foraminifera (31). 

Boone formation (Mississippian): Goniatite, Missouri (43). 

Brachiopoda: Devonian (Lower); Reefton, New Zealand (1); Devonian (Upper), northwestern Mon- 
(39); Fossil, Atlantic Coastal Plain deep wells (58); Parcha shale (Devonian) of Arizona and 

ew Mexico; Tertiary Plhicirhynchia, Patagonia (2). 

Brassfield (Silurian): Conodonts, + sa 

Bruguiére: Molluscan genera of, (23). 

Bryozoa: Cambrian, Canada (27); Fossil, Atlantic Coastal Plain deep wells (58). 

Caballero formation (Mississippian): Cephalopods, New Mexico (47). 

California: Tertiary ore Glycymefts (54). 

Cambrian: Bryozoa, Canada (27). 

Cambrian, Lower: Analysis and revision of 11 trilobite genera (41). 

Cambrian, Middle: New sponge (50). 

Cambrian; Trilobite terminol (36). : 

Canada: Arctic Archipelago Ordovician fossils (46); Cambrian Bryozoa (27); Cretaceous microfossils 
Alberta (51); Ordovician Cephalopoda, Hudson Bay (48). 

Cancellothyris (Brachiopoda) : Genotype of (3). 

Central America: Foraminifera (13); Fossil plants and human footprints (9); Tertiary pelecypod 
Glycymeris (54). 

Cephalopoda: Discovery and significance of, from Caballero (Mississippian), New Mexico (47); 
Goniatite from Boone formation (Mississippian), Missouri (43); Greenbrier (Mississippian), 
Pennsylvania (44); Mackenzie River Valley, Cretaceous (77); Nomenclatural problems, of 3 
Liassic Ammonoidea; Nuclear whorls of Heminautilus etheringtont (Durham) (24); Oligocene, 
Palestine (4); Ordovician, Canadian Arctic (46); Ordovician, Early, from Tasmania (73); Ordo- 
vician, Hudson Bay (48) ; Ordovician nautiloids, New York (26); Permian, Lower, Koninckioceras 
from north-central Texas (45). 

Check list: Larger Tertiary Foraminifera, Japan (33). 
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Chester: Pterotocrinus capitalis, tegmen structure of, (80). 

Chugwater (Triassic): Footprints, Wyoming (7). 

Classification: Lower Pennsylvanian, Llano region, Texas (55). 

Coconino sandstone (Permian): Invertebrate tracks, northern Arizona (5). 

Coelenterata, fossil: Atlantic Coastal Plain deep wells (58). 

Committee on techniques in invertebrate paleontology (88). 

Conodonts: Devonian, Upper Sheffield formation of northern Iowa (83); Sweetland Creek shale of 
Iowa (49); of lowa (82); Mississippian, Upper Kinkaid of Johnson County, Illinois (11); Silurian, 
Lower, of Kentucky (8). 

Conodont zones: Upper Devonian, Lower Mississippian of Ohio (35). 

“Contributions to American Paleontology” by E. O. Ulrich (89). 

Coptothyris, genotype of (3). 

Coastal Plain, Atlantic: Invertebrate fossils from deep wells (58). 

Continental time chart, Tertiary (62). 

Corals: Ordovician, Canadian Arctic Archipelago (46). 

Corrections: Weches Ostracoda (69). 

Corrigenda to ‘“‘Index Fossils of North America” (61). 

Cretaceous: Cody horizon of Pentagonaster brownit Weller (6); Mackenzie River valley fossil horizons 
(77); Vermilion area, Alberta, fossil horizons (51). 

Cretaceous, Upper: Foraminifera (13, 28); Fossils, Atlantic Coastal Plain deep wells (58). 

Crinoidea: Tegman structure of Pterotocrinus capitalis (80). 

Cristellaria (Robulus) teschi (21). 

Crustacea: fossil: From Atlantic Coastal Plain deep wells (58); Trilobites, Cambrian, New genera 
(41); Trilobites, Cambrian, terminol for, (36). 

Description: Terminology for Cambrian trilobites (36). 

Devonian (?): Percha shale Brachiopoda, Arizona, New Mexico (66). 

Devonian, Lower: New Zealand Brachiopoda, revision of, (1). 

Devonian, Middle: Bone Bed Foraminifera, Ohio (71). 

Devonian, Upper; Brachiopoda, northwestern Montana (39); Conodonts: Iowa, new fauna (82); 
Iowa Sheffield formation (83); Iowa Sweetland Creek shale (49); Ohio, zones (35). 

Discovery of Caballero (Mississippian) cephalopod fauna, New Mexico (47). 

Echinodermata: Fossil, from Atlantic Coastal Plain deep Wells (58); Pentagonaster browni (6); 
Stomechinus, Jurassic, Wyoming (10). 

Endolobus: Upper Mississippian (Greenbrier), Pennsylvania (44). 

Endothyra: Structure of (60). 

England: Upper Liassic Foraminifera Asterigerina (20). 

Eocene: Foraminifera, Haha-jima (Hillsborough Island) (31); Invertebrate fossils, Atlantic Coastal 
Plain deep wells (58). 

Foraminifera: A sterigerina, English Upper Liassic (17), structure of and a new species (18); Bibliog- 
raphy of Foraminifera, supplements for 1940-1945 (74); Catalogue of Foraminifera (42); Check 
list, larger Tertiary, Japan (33); Cretaceous, Alberta (51); Cretaceous, Upper (28); Devonian 
Bone Beds, Ohio (71); Endothyra (60); Eocene, Haha-jima (Bonin Islands) (31); Fusulinids, 
Texas (76); Heterosteginidae and Miogypsinidae, dieailantion of (32); Index for 1945, supple- 
ments for 1939-1944, and addenda for 1942-1945 (75); Kinkaid, Johnson County, Illinois (11); 
Mexico (13); Nubecularia, Pennsylvanian and Permian of Kansas (37); Trinidad (13). 

Footprints: Triassic, Wyoming (7). 

Fossils: Mackenzie River valley Cretaceous (77). : 

Fresh-water mollusks: Pliocene, northern Utah (81). 

Fusulinids: Pre-Desmoinesean, Texas (76). 

Fauna: — Upper Devonian of northwestern Montana (39); Conodont, Upper Devonian of 
Iowa (82). 

Castropoda: Atlantic Coastal Plain deep wells (58): Bellerophont muscle scars (38); Ordovician, 
Canadian Arctic (46); Paleozoic, new genera (52); Pliocene fresh-water, northern Utah (81). 

Genera: Molluscan of Bruguiére (23). 

Geology; Relations of invertebrate paleontologist to, (79). 

Georgia: Middle Cambrian sponge (50). 

Glandulina peelensis (14). 

Glycymeris: Tertiary, California and Central America (54). 

Glyptobairdia (68) 

Goniatite: Mississippian of Missouri (43). 

Graptolites: Arbuckel (Ordovician), Big Canyon, Oklahoma (22). 

Greenbrier (Mississippian): Endolobus, Pennsylvania (44). 

Haha-jima (Hillsborough Island): Eocene Foraminifera (31). 

Haramiya, new name for Microcleptes Simpson (63). 

Heminautilus etheringtont Durham, nuclear whorls of, (24). 

Heterosteginoides, reinstatement of, (32). 
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Homo: Fossil plants and human footprints, Nicaragua (9). 

Homonyms, junior. (87). 

Hudson Bay: Ordovician Cephalopoda (48). 

Hydrozoan-like fossils, Big Canyon, Oklahoma (22). 

Illinois: Upper Kinkaid (Mississippian) microfauna (11). 

“Index Fossils of North America”: Corrigenda (61). 

Index to new genera, species, and varieties of Foraminifera for the year 1945, with supplements for 
1939-1944, and addenda (1942-1945) (75). 

Invertebrate paleontologist, relations of, with geology (79). 

Invertebrates: Tracks from Coconino sandstone, Arizona (5). 

Iowa, Upper Devonian: Conodont fauna (82); Sheffield formation conodonts (83); Sweetland Creek 
shale conodonts (49). 

Isoarca, genotype of (53). 

Japan: Larger Tertiary Foraminifera, Check list of, (33). 

| ln County, Illinois: Upper Kinkaid microfauna (11). 

Jurassic: Asterigerina, Liassic, England (17); Stomechinus, Big Horn Basin, Wyoming (10). 

Kansas: Pennsylvanian and Permian Foraminifera (Nubecularia) (37). University of, Paleontological 
Contributions (91). 

Kentucky: Lower Silurian (Brassfield) conodonts (8). 

Konincktoceras: Lower Permian, North-central Texas (45). 

Kinkaid, Upper: Microfauna, Johnson County, III. (11). 

Liassic: Nomenclatural problems, Ammonoidea (34). 

Liassic, Upper: Asterigerina (17, 18). 

Literature, translations of Russian geologic, (90). 

Lizard Springs marl Foraminifera (13). 

Llano region, Texas: Lower Pennsylvanian (55). 

Llano uplift: Stratigraphy, fusulinids (76). 

Mackenzie River valley: Cretaceous fossils (77). 

Marine ecology: Related to Paleontology (78); and salinity (30). 

Mexico: Foraminifera (13). 

Microfauna: Upper Kinkaid, Illinois (11). 

Microfossils: Cretaceous, Alberta (51). 

Miocene: Invertebrate fossils, Atlantic Coastal Plain deep wells (58). 

Miogypsinidae, Classification of, (32). 

Mississippian: Boone formation goniatite, Missouri (43) Caballero formation cephalopods, New 
Mexico (47); Genus Endothyra {60); Tegmen structure of Péterotocrinus capitalis (80); Upper 
Kinkaid microfauna, Illinois (11). 

Mississippian?: Percha shale Brachiopoda, New Mexico, Arizona (66). 

Mississippian, Lower: Ohio conodont zones (35). 

Mississippian, Upper: Greenbrier limestone Cephalopoda (Endolobus), Pennsylvania (44). 

Missouri: Mississippian Boone formation goniatite (43). 

Mollusca: Pliocene, freshwater, Utah (81); Genera of Bruguiére (23); Ostreidae, Nomenclatural 
synopsis of supraspecific groups, (67). 

Monarchopemmatites: New generic name for fossil sponge (40). 

Montana: Upper Devonian Brachiopoda (39). 

Muscle scars, bellerophont (38). 

Nautiloidea: New York Ordovician (26). 

Netherlands: Asterigerina (18). 

New genera, of Paleozoic Gastropoda (52). 

New Mexico: Caballero formation Cephalopoda (47), Percha shale Brachiopoda (66). 

New names: Brachiopoda: Genotypes of Cancellothyris Thomson 1927 and Coptothyris Jackson 1918 
(3); Foraminifera: Cristellaria (Robulus) tescht for C.(R.) grandis (21); Glandulina peelensis for 
G. nitida (14); Rotalia bartoniana for R. granulosa; Vaginulina obtusicosta for V. striatula (21); 
Porifera: Monarchopemmatites (40); Trilobita: Remopleurides sinclairi for R. striatus (12); Verte- 
brata: Haramiya for Microcleptes (63). 

New names for junior homonyms (87). 

New York: Ordovician nautiloids (26). 

New Zealand: Revision, Lower Devonian Brachiopoda (1). 

Nomenclature: Molluscan genera of Bruguiére (23); Ostreidae, synopsis of (67); International Com- 
mission on, recent publications (85); Problems, Liassic Ammonoidea (34). 

North America: Lower Cambrian trilobite genera (41). 

Nebecularia: Kansas Pennsylvanian, Permian (37). 

Nuclear whorls: Heminautilus (24). 

Ohio: Middle Devonian Foraminifera (71); Upper Devonian, Lower Mississippian conodonts (35). 

Oklahoma: Graptolites, hydrozoan-like fossils, Ordovician (22). 

Oligocene: Nautilus blaket, Palestine (4). 
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Ordovician: Cephalopoda; Hudson Bay (48); New York (26); Tasmania (73); Fossils: Canadia 
Arctic (46); oo and hydrozoan-like fossils, Oklahoma (22). 

Ostracoda: Alberta Cretaceous (51); Kinkaid (Mississippian), Illinois (11); Non-marine, Tertiary, 
Utah (72); Triebelina, noteson, (68); Weches, corrections (69). 

Ostreidae: Nomenclatural synopsis (67). 

Otarionidae (Trilobita) (56). 

Pacific Islands, western: Haha-jima (Hillsborough) Island Foraminifera (31). 

Paleocene Foraminifera (13). 

“‘Paleoecological import of salinity,’’ note on (64). 

Paleocology: Relations of marine animals to salinity (29). 

Paleozoic Gastropoda, new genera (52). 

Palestine: Oligocene Nautilus (4). 

Panama: Tertiary om mee (54). 

Patagonia: Tertiary Brachiopoda (2). 

Pelecypoda: Atlantic Coastal Plain deep wells (58); Glycymeris, California, Central America (54); 

soarca, genotype of (53); Mackenzie River valley Cretaceous (77); Ostreidae, nomenclatural 
synopsis (67); Pliocene, Utah (81). 
Pennsylvania: Mississippian cephalopod Endolobus (44). 
Penns a a, stratigraphy, fusulinids, Texas (76); Nubecularia (Foraminifera), 
ansas (37). 

Pennsylvanian, Lower: Classification, Llano region, Texas (55). 

Pentagonaster browni Weller, correction of horizon (6). 

Percha shale: Brachiopoda (66). 

Permian: Invertebrate tracks, Arizona (5); Nubecularia, Kansas (37). 

Permian, Late: Permopora keenae, Texas (25). 

Permian, Lower: Kontnckioceras, Texas (45). 

Plants, fossil, and human footprints, Nicaragua (9). 

Pleistocene: Invertebrates from Atlantic Coastal Plain deep wells (58). 

Plicirhynchia: Tertiary brachiopoda, Patagonia (2). 

Pliocene: Invertebrates from Atlantic Coastal Plain deep wells (58); Northern Utah Mollusca (81). 

Pliocene?: Non-marine-Ostracoda, Utah (72). 

Porifera: Middle Cambrian sponge (50). 

Pre-Desmoinesean: Stratigraphy and fusulinids, Texas (76). 

Pseudosuchia, Triassic, Texas (59). 

Pterotocrinus capitalis, tegmen structure of (80). 

Radiolaria: Alberta Cretaceous (51). 

Recent?: Fossil plants and human footprints, Nicaragua (9). 

Relations of invertebrate paleontologist to geology (79). 

Relationships of marine animals to salinity (29, 30, 64). 

Reptiles: Triassic, Texas (59). 

Reviews: Contribution to the study of the Ostracoda with special reference to the Tertiary and Cre- 
taceous microfauna of the Caribbean region, by William Aaldert van den Bold (70); Foraminifera 
from the Hervian (Campanian) of southern Limburg, by Ernest Schijfsma (16); Foraminifera 
from the Middle Eocene in the southern part of the Netherlands province of Limburg, by R. C. 
van Bellen (15); Les hommes fossiles: eléments de paléontologie humaine, by Marcellin Boule 
(20); Manuel de paléontologie végétale, by Léon Moret (19); Non-crinoid Pelmatozoa from the 
Paleozoic of Sweden—a taxonomic study, by Gerhard Regnell (65); Report of the Committee on 
marine ecology as related to paleontology (78). 

Revision: New Zealand Lower Devonian Brachiopoda (1). 

Rotalia bartontana (14). 

Russian geologic literature, Translations of (90). 

Salinity (29, 30, 64). 

Salt Lake formation: Non-marine Ostracoda (72). 

Scaphopoda: Atlantic Coastal Plain deep wells (58). 

Sheffield formation (Upper Devonian): Iowa conodonts (83). 

Silurian, Lower: Kentucky conodonts (8). 

Society Records and Activities: Paleontological Society: Pp. 282, 293; Society of Economic Paleontolo- 
gists and Mineralogists: Pp. 190, 401. 

Sponges: Monarchopemmatites (40); New, Middle Cambrian (50). 

Stomechinus: Jurassic, Wyoming (10). 

Stratigraphy: Lower Pennsylvanian, Texas (55); Pre-Desmoinesean Pennsylvanian, Texas (76). 

Sub-surface: Invertebrate fossils, Atlantic Coastal Plain deep wells (58). 

Sweetland Creek shale conodonts (49). 

Synopsis, nomenclatural, of Ostreidae (67). 

Tasmania: Early Ordovician Cephalopoda (73). 5 

Techniques: Committee on, in invertebrate paleontology (88); Invertebrate Paleontology (57). 

Terminology: Cambrian trilobites (36). 
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Tertiary: Brachiopoda: Plicirhynchia, Patagonia (2); Foraminifera: Check list, Japan (33); Asteri- 
gerina (17, 18); Heterosteginoides (32); Fossils, invertebrate (58); Mollusca: Fresh-water, Utah 
(81); Glycymeris (54); Ostreidae (67); Nautiloid (4); Ostracoda: Non-marine, Utah (72); Triebe- 
lina (68); Weches, corrections (69). 

Tertiary time chart, Continental (62). 

Texas: Pennsylvanian (55, 76); Permian (25, 45); Triassic (59). 

Time chart, Continental Tertiary (62). 

Tracks, Invertebrate (5). 

Translations of Russian geologic literature (90). 

Triassic: Footprints (7); Reptile, Texas (59). 

Triebelina (Ostracoda), notes on, (68). 

Trilobita: Analysis and revision of 11 Cambrian genera (41); Aulacopleura and the Otarionidae (56); 
Terminology, Cambrian (36). - 

Trinidad Foraminifera (13). 

Typothorax meadei (59). 

UNESCO aid for International Commission on Zoological Nomenclature (86). 

Utah: Pliocene Mollusca (81), Tertiary Ostracoda (72). 

Velasco shale Foraminifera (13). 

Vermilion area, Alberta (51). 

Vertebrates: Human footprints and fossil plants (9); Triassic footprints (7); Triassic reptile (59). 

Weches Ostracoda, Corrections (69). 

Wyoming: Pentagonaster browni Weller (6); Stomechinus (10); Triassic footprints (7). 

Zoological Nomenclature: Incorporation of International Commission on, (84). 
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STRUCTURE 


OF 


TYPICAL AMERICAN 
OIL FIELDS 


A SYMPOSIUM ON THE RELATION OF 
OIL ACCUMULATION TO 
STRUCTURE 





In Two Volumes By Many Authors 


Originally published in 1929, the supply was soon exhausted and the 
continued demand has justified the current reprinting of this gen- 
erally accepted description of oil fields. 





CONDENSED CONTENTS BY STATES AND FIELDS 


Vol. I—510 pp., 190 illus. Cloth. 6 x 9 inches. $3.00 


ARKANSAS: Irma. CALIFORNIA: McKittrick. INDIANA: Tri-County. 
KANSAS: Fairport, Coffeyville, Rainbow Bend, Nemaha Mountains. KEN- 
TUCKY: Eastern Coal Field. LOUISIANA: Urania. MICHIGAN: Saginaw. 
NEW MEXICO: Artesia, OHIO: Eastern. OKLAHOMA: Morrison, Mervine, 
Ponca, Blackwell, South Blackwell, Garber, Crinerville, Turkey Mountain, Bur- 
bank, Glenn. TENNESSEE: Tinsleys Bottom, Celina, Spurrier-Riverton, Sumner 
County, Spring Creek, Glenmary, Bone Camp. TEXAS: Luling, Westbrook, Wil- 
barger County, Mexia and Tehuacana Fault Zones, Laredo, Archer County. WEST 
VIRGINIA: Copley, Cabin Creek. INDEX. 


Vol. II—750 pp., 235 illus. Cloth. 6 x 9 inches. $4.00 


ARKANSAS: Stephens. CALIFORNIA: Santa Maria, Ventura Avenue, Elk 
Hills, Long Beach, COLORADO: Florence, Northwestern. ILLINOIS: Centralia, 
Sandoval, Martinsville. KANSAS: Virgil, Madison, El] Dorado. LOUISIANA: 
Caddo, Homer, Bellevue. MONTANA: Kevin-Sunburst. NEW YORK: Cattarau- 
gus, Allegany, and Steuben Counties. OKLAHOMA: Hewitt, Cromwell, Semi- 
nole, Delaware Extension, Depew, Cushing. PENNSYLVANIA: Bradford, 
Scenery Hill. TEXAS: West Columbia, Stephens County, Yates, Big Lake, Pe- 
trolia, Smith-Ellis:s WEST VIRGINIA: Griffithsville, Tanner Creek, Granny 
Creek, Grass Creek, Lost Soldier. SUMMARY: Role of Structure in Oil Ac- 
cumulation. INDEX. 












PRICE, TWO VOLUMES, $7.00, POSTPAID 










THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, TULSA 1, OKLAHOMA, U.S.A. 





























= ie i. ia o. i em iy wie - ae = : a Fe 
tos ee: yn ar 2 ; 5 ees ¥ 
ak "OFFICERS ‘OF THE ‘SOCIETIES © ee 
> THE SOCIETY.OF ECONOMIC JOINT COMMITTEE ON ZOOLOGICAL Sein 
, PALEONTOLOGISTS AND : OMENCLATURE FOR PALEONTOL- > 
< MINE OX Hes OGY IN AMERICA = _ ey. 
* For the year ending April 1948. , Sponsored “by the Society of Economic” 
_ Paleontologists” ‘and Mineral Th ta : 
President, Jauns A. Waters, Dallas, Tex. -* ontological Society, and The oct o 
First B ast-Pre esident, F, W, ROLsHAUsEN, International Commission on Zod asi Ne. x. 
= ena ae = menclatare,- —- po mang 
~~. "Second Patt: + Jom Re SANDIDGE, > "Poliey Hoard Sa) 
‘San Antonio, Brooxes Kiicnt, Chairman (SEPM); - ~ 
Vice-Presidenk; W. C. acum, Evanston, Sc cea os choad gs ha rs (SVP) 
HL. Members 1 
Bxvoxng Knicut ~~~ es ss 
eke H: BL ‘Seeszns, Austin, g teoun C. Moos f cis mee 
: , ~~ Hewryg B. STENZEL 946 mee p a 
Editors _ Joun W. ‘WELUs So gee st 
J. Masvin Weiter, Chicago, lil, we gi jouw BUI ‘is, i: 2 ee 
W. are TwENHOFEL, Orlando, Fla, for miner. - Norman D. Newe ee. 
alogy. ~ GEORGE GAaYLorD Smepson re 
: Sonn 047 po oe 
¥RA N Re ; = 
THE. AMERICAN ASSOCIATION OF Pacis = 
PETROLEUM GEOLOGISTS gp mae far 3 eae 
Address communications to the chair- 
For the year ending April 1948. . man, J. Brooxes Knicur, U, S. National 
President, C. E. Dospin, Denver, Colo. “Museum, Washington 25, D.C. 
bie 2° fogs Eat B. Nose, Los Angeles, 
-President, Ge RGE S. HANAN, H THE GEOLOGICAL SOCIETY 
hehe Tex onae S. Buc sa OF AMERICA 
* Secretary- Treasurer, + v, abe Tulsa;: -For the year ending December 1947 
_-~ Okla. President, A. 1. LEVORsEN, Stanford Uni- 
LM La versity, Calif: 
tad C:L.' Moony, Shreveport, La. Past-President, N. L. Bowen, Chicago, Hl. 
Ni, *: - = Viee-Presidents : 
. >Re PALEONTOLOGICAL SOCTETY ‘JaMEs GitLucy, Los Angeles, Calif. = 


&, For the year ending December 1947 - 


‘President, R.-C. Mooms,, Lawrence, Kan. 
* VigoPratin,.G os Arthur: Cooper, eee 


Seoraary, os EEV Baltimore, Ma. 
Rome nan M. Swan, State College, 
Bi A. Scort WagtHin, Poughkeepsie, 


ei tes Sees, Reet R,B. STEWART, - 


Rx-Pretidents 


B F. Howitt, Princeton, N: ‘{o44, 
_Cuester S: ROCE, Pheadess, » 1945. 
Bt ga Ss Kwon, W ton, D. wat 
1946. 
_ % 6 . “3 
. a = ” - i A . 
te. ee Sa > aT 
eg Je = = x ae , . = aay 


Councillors 
ed E.ApAMS~ . 
ATERS- 1945-1947 

W. P. WooprRInc a 
T. S, Loverinc 

C. W, KNIGHT ~~ 41946-1948 
Nauiote EwInG fas 
. C. A. ANDERSON, Prescott, Ariz. 
Ernest CL00s, Baltimore, Md. 1947-1949 

~-M. King HupBERT, Houston, Tex. 

x : Asse 2 > 





“A F-BubpineTon, Princeton, N. J, > 
. BROOKES KnNiGHt, bikes Sie D: C, 
. F-Kerr, New York, N 


Sunikee: H.-R. Avprics, New York, N,Y. 
Teme: O. HorcHeiss, Scored; N2Y, 


